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ABSTRACT 
Human dis t urbance of Antarctic penguins is an important aspect of Antarctic conservation. It is a phenomenon which has raised concern for several decades, and has prompted the creation of guidelines for human behaviour which aim to minimise disturbance to these and other Antarctic animals. Disturbance effects of human activities have often been cited as if they were well-understood and self-explanatory; however, little theoretical or empirical research has attempted t9 establish their true nature, or to clarify such baseline issues as what disturbance means and when it becomes significant. Answers to these questions are offered, based on Nimon and Dalziel's (1992) concept of human-animal interaction, and values espoused in recent documents such as the Protocol on Environmental Protection to the Antarctic Treaty. 
A framework for inquiry in this field is described. The new approach focuses on penguin behaviour, and involves specifying a) what stimulus aspects of human presence affect penguins, b) the changes in behaviour they evoke, and c) the processes by which these changes are produced. This animal behaviour approach is then applied to published reports of human-Antarctic penguin interactions in an attempt to identify the general principles that underlie such interaction. 
Human disturbance is divided into three categories, the first of which is effects induced by aircraft. The discussion suggests that aircraft may represent a variety of changing stimuli, and that penguin response to human-induced stimuli will be affected by learning and situational variables such as breeding phase. The second category, approach and handling by humans, attempts to resolve contradictory conclusions in the literature, and suggests a model which may identify changing stimulus features evoked during such behaviour. The third category, an examination of effects induced by scientific methods, concludes that both penguin behaviour and welfare may be affected by studies, a finding which has implications not only for the field of disturbance research, but also for our understanding of the natural behaviour of the birds . 
Based on a liter ature review, the arguments presented are hypothetical and must be tested. Whether further inquiry supports or rejects these conclusions, this . review encourages awareness and clarifies the issues with which resear cher s must deal . 
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OVERVIEW, DEFINITIONS AND AIMS 
Conservation in the Antarctic and the issue of human disturbance 
The recent creation of the Protocol on Environmental Protection to the 
Antarctic Treaty legitimises the view of those who see inherent value in 
the unique qualities of Antarctica, and must silence those who dismiss 
conservation principles not solidly founded on grounds of human welfare 
(Appendix 1) . A report by the Scientific Committee on Antarctic Research 
<SCAR, 1984) is indicative of the spirit of the last few years: "The 
pressure of increasing human populations on the environment has produced a 
general awareness of the value of unspoilt nature or wilderness. The last 
remaining extensive wilderness is Antarctica" Cp. 33). Unlike comparable 
landscapes in the Arctic, the Antarctic has never had an indigenous 
population. The presence of people in appreciable numbers only began there 
in the 1940s and 1950s, and the recency of this intrusion renders human 
presence and behaviour issues which are fervently debated. People with no 
tangible involvement passionately dispute who has the right to go there and 
what they should be per mitted to do CB r ewster , 1982; May, 1988; Roszak , 
1988). The conservation of the Antarctic is not about the integrity of 14 
million square kilometres of ice to which most people will never go. 
Ant a r ctic conservation is emotionally and politically charged, for it 
represents humankind ' s last opportunity to act on its new-found 
environmental enli ghtenment a nd prove that today' s generations have learnt 
somet hi ng fr om t he destructi ve prac ti ces of yest eryear which t hey eagerly 
and noi s il y l ament. 
One of the most emotionally potent aspects of Antarctic conservation is the 
protection of Antarctic animals. Current concerns about the plight of 
p 
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laboratory and farm animals highlight society ' s valuation of the rights of 
other sentient beings (Moberg, 1985b; Birke and Michael, 1992; Hampson, 
1992). Whereas people are intruders in the Antarctic , seabirds and seals 
are the natural, and therefore may be constituted as the rightful, 
inhabitants. 
Antarctic living ecosystems already bear the mark of human impact. From the 
late 18th century onwards first sealers, and later whalers, prospered from 
a slaughter which continued until the mid-20th century. The ensuing 
reduction in baleen whale numbers is often cited as a major perturbation of 
the Southern Ocean marine ecosystem (Croxall and Kirkwood, 1979; Quilty, 
1986; Laws, 1991) . Today, whilst indi victuals in the Antarctic may 
intentionally interfere with or harm animals (for example, torturing skuas 
which kill penguin chicks; Muller-Schwarze and Belanger, 1978), the obvious 
deleterious impacts on wildlife generated by human presence tend to be 
accidental or incidental in nature - the modification of habitat (Hemmings , 
1990; Wilson et. al, 1990a) , pollution (Simpson, 1976; Harris , 1991) , and 
carelessness with hazardous materials CWoehler , 1990) . 
Skuas entangled in wire, seals caught in fishing nets and penguins covered 
in oil are easily identifi ed as adversely affected by human presence. The 
form and the out.come of the impact is clear, and appropriate steps can 
often be taken to prevent recurrence . Yet, a less salient cause for concern 
has come to attract more and more attention: the possibl ity that the 
presence of nearby people may deleteriously affect the behaviour and 
welfare of wildlife. 
Elsewhere in the world, wild animals often flee from people. Antarctic 
animals generally do not, a fact that renders them particularly susceptible 
to humans. Parties at the first Antarctic Treaty Consultative Meeting 
• 
• 
• 
• 
• 
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(ATCM) in 1961 recognised that because of this defencelessness, Antarctic 
animals would have to be protected from human disturbance (Recommendation 
I-VIII, paragraph 1) . 
Despite little theoretical development to establish its nature, this 
disturbance effect of human presence has often been treated as if it were 
an accepted and understood p~enomenon. Popular literature is already 
content that Antarctic animals are being disturbed by humans (Peterson, 
1973; Simpson, 1976; Tangley, 1988; Ackerman, 1989, p. 40) and scientific 
literature treats 'visits from people' and 'scientific research' as precise 
explanatory variables rather than broad categories of activity (Croxall 
et. al, 1981; Jouventin et. al, 1984; Muller-Schwarze, 1984; SCAR, 1984; 
Benninghoff and Bonner, 1985, p. 4). That some human behaviour should 
disrupt breeding activities seems to be readily believable, as this rather 
vague assertion has come under little scrutiny in studies on a variety of 
animals (Rice, 1964; Bonner, 1978; Gallagher et. al, 1984). Reliance on the 
self-explanatory nature of human disturbance, and undeliberated assumption 
that breeding success is the only parameter of interest, have fostered the 
general consensus that sensibly-behaved people will not adversely affect 
Antarctic animals and that only significant breeding failure is indicative 
of significant disturbance. 
The most important recent developments in this field have come from a team 
of researchers headed by R. Wilson and B. Culik ,of the Institut fuer 
Meereskunde. Recognisi ng t ha t adequate knowl edge cannot be developed merel y 
through the accumul ation of anecdotal evidence, they have at tempted to 
e xper imentall y del i neate the stimulus aspects of aircraft activity, and 
human appr oach; using beha vioural obse r va t ion and implanted heart rat e 
monit or s , the y have tried to quantify penguin respons es. Their concl usi ons 
are revolutionary: the mere proximity of people may harmfully affect 
--
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penguins, regardless of how well - intentioned those people may be , and 
although these effects might not be immediate l y apparent (Culik and Wilson, 
1991; Aopendix 2) . 
Because of the innovatively precise nature of their approach and, even more 
so, the dramatic nature of their results, this work has been reported in a 
wide variety of journals, and quoted by environmentalists to demonstrate 
the necessity of very stringent rules governing human activity (e . g. 
Manheim, 1990). But it is not yet time for drawing conclusions and relying 
on rules. These few experiments, whatever their merits, do not amount to a 
comprehensive coverage of the field. Results are obtained from a small 
number of individuals of one species of penguin, in response to isolated 
stimuli such as the approach of a single person. As will be demonstrated, 
some of their results can be re-evaluated to produce conflicting 
interpretations, and recommendations based on one understanding might have 
disastrous consequences if another were correct. 
According to the definition by Nimon and Dalziel (1992), human-animal 
interaction occurs when the behaviour of one or more humans affects the 
behaviour of one or more members of another species. The components of the 
interaction are actions and reactions of individuals or groups of both 
species, present together at the same time. This definition omits 
behavioural change mediated through indirect means, for example, habitat 
modification, and focuses on Antarctic animals' response to our behaviour. 
As the effect of one interactant's behaviour on the other can be identified 
only through a change in the latter's behaviour , then all human-animal 
interaction can be classified as disturbing an animal . 
Intuitive human understanding of harm or inconvenience caused to animals is 
iikely to be both biased and limited. The untrained observer generally 
-
-
• 
• 
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evaluates an animal's circumstances according to how the situation would 
affect him or her CNimon, 1990), and even trained observers may be 
restr icted by preconceptions. An approach to disturbance based on the above 
definition of interaction will be highly productive, helping researchers to 
avoid consciously or unconsciously ignoring change which appears harmless, 
thus, identifying a greater range of human-induced changes in behaviour. 
This range of animal responses can then be examined for their possible 
implications. Changes in behaviour must be understood as referring not only 
to the elicit at ion, inhibit ion, or modification of overt behavioural 
patterns, but also to physiol ogica l responses, as animals may experience 
heart rate and other changes without giving outward indication (Henry, 
1976; Stout and Schwab, 1979; Wilson et. al, 1991). Where the term "human 
disturbance" appears in the text, it should be understood as referring to 
human disturbance of Antarctic animals CN.B. new terminology are listed in 
Appendix 3). 
Recent attempts of Antarctic tour companies and naturalists to specifically 
define benign behaviours for visitors near animals <Naveen et . al, 1989; 
Antarctic Treaty Consultative Parties CATCP), 1991b), as well as research 
efforts such as those of the Wilson team, indicate that people are both 
eager to avoid disturbing Antarctic animals , and frustrated at the lack of 
detailed guidance available to them. 
Concerned parties must make a conscious break with the insubstantial and 
anecdotal approach to human disturbance. It is necessary to develop 
foundations and a framework for inquiry so that vague statements and 
questionable logic will be obvious for their lack of discipline against a 
solidly based, growing body of knowledge. 
- 6 -
The nature of an investigation will be s haped by the context of the 
disturbance of interest and the threshold set for significant disturbance. 
These are described in Chapter One. The discussion illustrates the 
necessity of firm decisions about these baseline issues, and penguins are 
chosen as the animals of interest for this review. 
This chapter also examines past and present recommendations for human 
behaviour in the Antarctic, some examples of which can be found in 
Appendices four to seven. It ends by describing an approach to human-animal 
interaction which provides a basic framework for knowledge sufficiently 
specific to enable prediction of penguin response, and the eventual 
creation of sound guidelines for human behaviour. The 'animal behaviour' 
approach is applied in the rest of the argument , beginning with Chapter Two 
which describes two situational variables that are likely to be important 
influences on Antarctic penguin behaviour, and hence, response to humans. 
The approach is then applied to reports of disturbance. 
The effects of aircraft on penguin behaviour are the best understood form 
of disturbance. Responses are often of an uncontentious nature, such as 
f leeing. Chapter Three exploits this relative clarity of information to 
explore how penguins of different breeding status may be affected by 
varying stimulus aspects of aircraft activity . Chapter Four examines how 
the approach and behaviour of nearby people may affect penguins, using a 
less specific literature resource t o develop the human approach model 
(Appendix 3). Such information is essential given the need to regulate 
increasing numbers of Antarctic visitors, yet the model predicts that the 
results of penguin research will also be affected by changes in penguin 
behaviour induced by the measurement itself. Chapter Five develops these 
ideas in relation to the unique problems posed by scientific study. It 
suggests non-invasive or less interactive alternative methods, and examines 
I' I 
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the implications of findings for our knowledge of the natural behaviour of 
Antarctic penguins. 
Article 3, paragraph 2(c) of the Protocol declares that activities in the 
Treaty area shall henceforth ''be planned and conducted on the basis of 
information sufficient to allow prior assessments of, and informed 
judgements about, their possible- impacts on the Antarctic environment" . 
Current information about human disturbance is nowhere near this stage of 
evolution. In summary, the aims of the present review are: 
1) to provide a basis and framework for future human disturbance 
research 
2) to evaluate available evidence and ascertain what can already 
be known about human disturbance 
3) to encourage consideration of the multiplicity of human-
induced stimuli which may affect Antarctic penguins, and of 
the contexts in which these effects may be relevant 
4) to stimulate awareness of human disturbance of Antarctic 
animals in general. 
• 
-
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CHAPTER ONE: FOUNDATIONS AND FRAMEWORK FOR 
INQUIRY 
1. 1: The scope of the investigation 
The first step in structuring an investigation of human disturbance is to 
·-define the context, and the limit~ within which the conclusions are 
expected to apply. 
1. l(a): The animals involved 
While there is evidence to indicate that human behaviour may affect seals 
(Rice, 1964; Bonner, 1978) and skuas (Ainley et. al, 1986), most of the 
information about human disturbance in Antarctica relates to penguins. This 
is probably because they are particularly attractive to people, occurring 
in spectacular colonies of up to one million birds <Croxall and Lishman, 
1987), and inviting interaction by their entertaining, anthropomorphic 
behaviour. Penguins have a complex social life and are already known to 
respond to a rich array of cues, signals and displays in each others' 
behaviour <Ainley, 1975; Spurr, 1975; Jouventin, 1982) , thus they are ideal 
animals for a study of responses to stimuli in human behaviour. 
Knowledge about penguins, and of our effects on the~ is important for a 
number of reasons. Penguins are highly specialized and biologically 
fascinating animals <Stonehouse, 1965a), which may comprise up to 90% of 
Antarctic avian biomass <Mougin and Prevost, 1980, cited in Croxall and 
Lishman, 1987). They have been identified by the Scientific Committee of 
the Convention on the Conservation of Antarctic Marine Living Resources 
(CCAMLR) as a critical component of the Southern Ocean ecosystem, 
information about which is essential f or conservation <CCAMLR, 1985). 
--
-
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Finally , Jouventin and Weimerskirsch (1990) argue that their low breedi ng 
rate makes them susceptible to even minor decreases in adult survival. 
The Antarctic Treaty area is that south of 60 -=· s <Article IV) , but the term 
"Antarctic" generally refers to the area south of the Antarctic 
Convergence. Seven penguin species breed south of the Convergence: Adelie 
Pygoscelis adeliae, chinstrap- PygQscelis antarctica, the southern 
subspecies of gentoo Pygoscelis papua ellesworthi, macaroni Eudyptes 
chrysolophus, rockhopper Eudyptes crestatus, emperor Aptenodytes forsteri 
and king Aptenodytes patagonica (Stonehouse, 1972) . 
1. l(b): Where penguins are exposed to people 
Adelies, chinstraps, gentoos and macaronis are the species most exposed to 
humans, as they a r e found in the Antarctic Peninsula and islands of the 
Scotia Arc where people are most concentrated <Figure 2) . The majority of 
stations occur in this region, and organised t ours as well as private 
yachts routinel y head for the Peninsula and one or more of the nearby 
island groups <Hart, 1988; Headland, 1989) . Penguins are most vulnerable to 
humans when they come ashore to breed, in these species , between October 
and April . This is the period of greatest human activit y, as retreating i ce 
allows people in and out of the reg ion, bases are r esuppli ed and summer 
only visitors arrive . Adelies , chinstraps and gentoos all nest on ice- free 
areas of the coast where bases may coexist with their colonies and tourist 
ships may make landings. Adelies also breed around the continental coast, 
where t hey may be vulnerable to station activity. Macaronis may be less 
e xposed to human interference as they prefer to nest on s t eepl y slopi ng 
ground and t umbled cliffs (Stonehouse, 1972) . 
Rockhopper and king pengui ns are f ound on peri phe r al Antarctic is l ands . 
Those inhabitated by rockhoppers tend to be quite isol ated from people. 
--• 
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King populations are most vulnerable to direct human disturbance during 
summer in regions north of the Convergence, such as South Georgia and 
Macquarie Island. Emperor penguins breed on the continent, but are little 
exposed to the summer boom of humans , as they breed mainly on sea ice in 
areas remote from people. Nonetheless, the first tourist visit to an 
emperor colony in the Weddell - Sea area was made in the 1991/92 season, and 
more visits are planned (Stonehouse , pers . comm). Furthermore, the breeding 
cycle of the kings and emper ors means they are ashore during winter (2. 1), 
when they may encounter scientists or aircraft . 
Most information on penguin disturbance concerns Adelies, which are the 
most thoroughly studied species in general <Williams et.al, 1985). Several 
authors believe the r e to be characteristic differences between species, for 
example, describing chinstraps as more aggressive and gentoos as more 
likely to run away than Adelies <Murphy, 1959; Stonehouse, 1985; Culik 
et. al, 1991 ) . This suggests that interspecies differences in form, 
intensity and threshold of response will exist . It is also likely that a 
disturbance ef f ect described for one species may not be observed at other 
times in other places, as there are probably a r ange of unidentified 
variables influencing response. The evidence presented r epresents what i s 
available. Comment will be made where reasoning or research suggest that 
there will be particular interspec ies differences. The degree to which a 
described component of human-penguin interaction applies to other 
interactants in other locations is a matter for further research. 
1. 1 (c) : Human activity in the Antarctic : tourists and scientists 
En:zenbacher {1992 , p. 17) has defined tourists as visitors who are not 
officially affiliated with an established national Antarctic programme. 
• 
-
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This d~finition highlights the dominant perception of human activity in the 
Antarctic: there are people who are officially connected with scientific 
programs, and there are tourists. 
The term 'tourist' has very negative connotations. With its own roots deep 
in the history of the earliest Antarctic expeditions, the 
scientific/national contingent has_ long been concerned by this more recent 
intrusion, noting the disruptive effects of tourists on their environment 
in Recommendation IV-27. Some scientists have argued that their own impact 
on the Antarctic environment is negligible, consisting of local disruption 
in a proportionately very small area <Bonner, 1984; Laws, 1991). Other 
commentators are prepared to accept that scientists have an adverse impact, 
but see tourists as a significant turn for the worse, and have activated 
all the relevant stereotypes in expressing fears about "luxury hotels" and 
"video-arcades" <Lipps , 1978; Roszak , 1988). They draw a qualitative 
distinction between the actions of scientists and those of tourists 
"tramping on the thick vegetation" <Lipps, 1978, p. 358) , Counterarguments 
state that Antarctic tourists are typically well-informed and ecologically 
sensitive <Simpson, 1976; Muller-Schwarze and Belanger, 1978; Naveen et . al, 
1989; Anon, 1991) . They point out that scientific and associated logistic 
activity have caused the greatest destruction of all sites, including those 
specially designated for research and study <Manheim, 1988; Tangley, 1988, 
Stonehouse, 1990). 
1. 1 (d): People ' s behaviour 
This preoccupation with which group of people causes the most disruption is 
based on human perceptions of social order and who has the right to do 
what. The truth is that the action causes the effect, not the intentions or 
source of funding of the performer. An ornithologist may be better informed 
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than a tourist who may be better informed than an off-duty station cook, 
but none of them may be aware of the specific effects of his or her 
particular behaviours. Stations may involve a wide variety of people -
construction workers, medical staff, media representatives - and there is 
no reason to expect that a glaciologist should either be particularly 
knowledgable of penguins, or inherently more careful around them than 
anyone else. Focusing on quali!ative distinctions between the behaviour of 
different groups may prevent individuals from being aware of and 
responsible for their own behaviour, because of their perception of their 
membership or not of a particular group. As evidence of this, Peterson 
(1973) has commented that crew members of tourist ships, on shore leave, 
are more likely than tourists to disturb animals. 
For a discipl ined and objective evaluation of human disturbance, 
researchers must ignore these superficial distinctions and instead search 
for the principles underlying interaction: what stimulus aspects of human 
behaviours evoke what penguin responses under what conditions. A wide range 
of human activities evoke stimuli. Resupplying bases and field camps by 
helicopters or fixed-wing aircraft provide many opportunities for 
disruption, as do visiting and studying penguin colonies, which involve a 
variety of behaviours at various distances from the birds . People trying to 
monitor penguin b_ehaviour may handle and otherwise engage in a whole range 
of manipulations, including marking and attaching devices to birds. These 
are the main categories of activity that are explored in following 
chapters. 
1.2: Significance of disturbance 
I dent Hying what canst it utes significant disturbance is another fundamental 
I 
• 
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issue in this area. Perceptions of significance are related to the values 
underlying one's beliefs about Antarctic conservation. 
A philosophy which could be labelled 'ecologically relative significance' 
is espoused by those who support conservation for the ecologically 
sustainable use of the Antarctic <Bonner, 1984; Laws, 1991) . Benninghoff 
and Bonner (1985), for e xampl E:, argue that the significance of the adverse 
effects of an activity should be evaluated in relation to the perceived 
fragility of the relevant ecosystem. While a single penguin colony may be 
significantly affected by humans, the impact is less serious if many 
similar colonies exist <p. 7). To apply their example, detrimental impacts 
on a colony might not be significant in the absence of some unique or 
distinguishing feature of that colony. 
This attitude dangerously approaches a renunciation of responsibility for 
one's actions on the grounds that there are many more penguins where that 
one came from. Even if we were to accept ecologically sustainable use as 
the guiding philosophy, one cannot assume that similar penguin colonies are 
not being detrimentally affected by other people. Furthermore, Antarctic 
ecosystems are not well enough understood to predict the occurrence and 
magnitude of all detrimental impacts which particular actions may incur. 
A report by the International Union for the Conservation of Nature and 
Natural Resourc es CIUCN, 1991) also supports the . ecologically sustainab l e 
use of the Antarctic, but a very strong emphasis is placed on the inherent 
value of the region. It also states: 
... the conservation of nature and natural resources has to be 
planned to meet human needs as well as the needs of the myriads 
of species that have their own right to exist , regardless of 
their contribution to human well-being <p. 2) 
A philosophy which accredits another species with a right to exist, 
---
- 15 -
a l though derided by Bonne r ( 1984) f or i ts lack of scienti f ic r igour , i s 
more conducive to caution in dealings with animals . 
The Pro tocol on Environmental Protection to the Antarctic Treaty <Appendi x 
1), adopted on 4 October, 1991, r epresents a significant shift within the 
Antarctic Treaty System from the principle of exploitation toward the 
pr eservation of Antarctica as a " World Park" (Antarctic and Southern Ocean 
Coalition <ASOC ), 1991 , p. 1) . Article 3 of the Protocol declares that the 
"protection of .. . the intrinsic value of Antarctica, _ including its 
wilderness and aesthetic values . . . shall be fundamental considerations in 
the planning and conduct of all activities in the Antarctic Treaty area" . 
These values are to be protected by "limit(ing) adverse impacts on the 
Antarctic environment" <Article 3, 2(a)) and avoiding "detrimental changes 
in the distribution, abundance or productivity of species or populations of 
species of f auna" and " degradat i on o f ... areas of biological , scientific, 
historic, aesthetic or wilderness significance" <Article 3, 2(b)(iv) and 
(vi )). Thus, limiting adverse impact is now a " fundamental consideration" 
whateve r one does (arguably , anywhere) within the Treaty Area . 
Art icle 3, 2(b ) (iv) clear l y ur ges all people i n the Tr eat y Area to plan 
t heir activities so as to avoid de triment al change i n seve r al f eat ures of 
any penguin col o~y <regardl ess of how many mor e t here may be ). Yet , t he 
concerns e xpressed i n the Pro t ocol r epr esent a val ua t ion of the ex ten t to 
which the Treaty area has n o t y e t been af f ected by the presence of people. 
If we want to be able to observe and study penguins in an unaffected state, 
then even human-induced changes in behaviour patterns are .significant . 
Indeed, even short-term behavidural changes are significant, as they can 
eventually produce permanent modifications. This can be observed in animals 
which have learned new behaviours in relation to a regular human presence 
in their environment . 
-"' 
-
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Antarctic penguins are not about to be exposed to such large numbers of 
visitors that they would start begging for fish handouts . But people are a 
permanent addition to the Antarctic, and even seemingly harmless effects on 
penguins might have a synergistic impact over time. This is compounded by 
the fact that the number of visitors per year has recently begun to 
increase <Enzenbacher, 1992). What must be accepted now, especially in view 
of the Protocol, is that individuals can no longer afford to dismiss the 
local impact of their behaviour on the grounds that there are so many 
penguins and so few humans. We must act now to "facilitate early detection 
of the possible unforeseen effects of (human) activities" (Article 3, 
2(e)). 
The approach to human disturbance based on human-animal interaction <p. 4) 
encourages the identification of all human-induced changes in animal 
behaviour. One can then scrutinize such changes according to one's 
definition of significance. The Protocol can be interpreted as stating that 
all such changes are significant . Of course, it would be ridiculous to 
suggest that people could visit and work in the Antarctic without ever 
causing any observable behavioural change, heart rate increase, or sleep 
deprivation in penguins. However, if research on human disturbance obtains 
the best information possible, and people who visit the Antarctic have both 
access to such information and the desire to promote the spirit of the 
Protocol, then Antarctic wildlife will perhaps be preserved in a state more 
closely resembling "the wild" than animals in almost any other area. Such 
conservation would not only further the cause of science: it would be a 
remarkable achievement in the history of humankind's dealings with its 
environment. 
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1. 3: Spec ific r ecommendations 
Since the issue of human disturbance was raised in the first ATCM, ther e 
have been several attempts to delineate how such disturbance of Antarctic 
penguins (and other animals) could be .avoided. These guidelines are based 
on the same commonsensical suggestions and anecdotal evidence which have 
fueled discussions of human disturbance, and are onl y capable of preventing 
disturbance to t he limited extent to which it has been understood. 
1.3(a) : Attempts of the last few decades 
Official guidance can be found in ATCP and SCAR recommendations. Article 
VII <paragr aph 1) of the Agreed Measures for the Conservation of Antarctic 
Fauna and Flora (1964) advises that each Participating Government take 
appropriate measur es to mi n imise harmful interference with native birds. 
" Harmful interf erence" i s de f ined by six dif f erent categories of act i on: 
a ) al l owing dogs to r un f ree; 
b) flying helicopters or other aircraft in a manner which would 
unnecessar ily d i sturb bird and seal concentrations, or landing 
close to such concentrations {e.g. within 200m), 
c) dri ving vehicles unnecessarily close to concent r at i ons of bi r ds and seals (e.g. within 200m) , 
d) use of e xplosives close to concentrations of bi r ds and seal s , 
e ) discharge of fi r earms close to bi r d and seal concentrat i ons (e.g. within 300m) , 
f) any di st~rbanc e of bird and seal col oni es during t he breedi ng period by pers is t ent attention f r om persons on f oot. 
Anne x A to Recommendat i on VI I I - 9 <Eff ect s of Tour ists an d non- Go vernment al 
expeditions in t he Antarctic Treaty Area, 1975 ), provides " Guidanc e for 
Visitors t o the Antarctic" . Paragraph 1 is relevant to wildlife : 
1. Avoi d di s t urbi ng wildli f e , in par ticul ar do not : 
- touch or handle bi rds or seals ; 
- s tartle or chase any bird from its nest; 
-wander indiscriminately through penguin or other bird 
colonies. 
I 
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Similarly, SCAR (1984) has produced a set of guidelines, varieties of which 
are issued through some national programmes (Stonehouse, 1990). They 
explain that "by using common sense, visitors to Antarctic (sic) can make 
an important contribution to its conservation and avoid damaging the 
environment, its wildlife and vegetation" . In relation to penguins, it 
recommends that people "not disturb nesting bird colonies <, and s)tay 
outside the margins of a colony and observe from a distance" Cp. 36) . 
Although these guidelines might appear sensible, they are, in fact, quite 
problematic. Advice to "avoid disturbance" or use "common sense" are 
integral in these and other sets of guidelines not reviewed here (e.g. 
Muller-Schwarze and Belanger, 1978; Appendix 4). Similar to telling people 
not to startle birds, such directions require visitors to be on the lookout 
for obvious signs of distress. How do they know what signifies distress in 
a penguin? The birds may show no outward signs of disturbance; those with 
eggs or small chicks are reluctant to leave their nests, and the heart rat e 
increase by which they may respond to approaching people <Culik et.al , 
1990; Wilson et. al, 1991; Chapter Four) is not visible, Individuals will 
have different perceptions of what behaviour constitutes chasing or 
wandering indiscriminately, perhaps deducing that walking purposefully 
straight into a colony is permissible. Yet even a brooding bird could 
abandon a chick to skuas if approached to a distance of around one metre 
<Wilson et. al , 1991 ). Individual visitors also may not know whether or not 
they ar e part of " persistent di st ui banc e" . 
Consideration of the necessity of an activity likely to disturb penguins is 
a valuable recommendation, but not a s ufficient one, and i t does not 
identify a manne r of flying an aircraft which is not disturbing. The form 
and magnitude of . aircraft - induced disturbance of a penguin col ony i s 
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related to the type of craft and other variables (Chapter Three) and a 
blanket recommendation of 200m as a safe distance is not adequate. Sladen 
and LeResche (1970) report that landing a helicopter within 180m of 
penguins caused 50-80% of the birds to flee . 
Dogs were once an integral part of the human presence in Antarctica, but a 
recommendation to keep them u~der control is of little practical 
significance in limiting human disturbance today. There are currently very 
few dog teams at only three stations (Rothera, San _Martin, Mawson; 
Headland, pers.comm 1 ) 1 and the Protocol bans the introduction of dogs and 
calls for those present to be removed by 1 April, 1994 (Annex II: 
Conservation of Antarctic Fauna and Flora, Article 4, paragraph 2). 
Similarly, few Antarctic visitors are likely to want to use explosives or 
firearms , thus, another two categories of "harmful interference" have no 
significance for the majority of people near penguin colonies. 
The remaining recommendations can be restated as follows: 
From Annex A to Recommendation VIII-9: 
-do not touch or handle birds. 
From SCAR C 1984): 
-observe birds from a distance. 
As one cannot ha ndl e bi r ds i f one is observ ing them fr om a distance, the 
advice which t he$e official sour ces have to offer the average visitor is 
simply: stay some (unspecified) distance from penguins. Th i s is 
unsurpr ising. In the absence o f a systematic investigation of human-pengui n 
interaction it is the most s ensible suggestion t o make . 
1, Robert Headland is the archivist at Scott Polar Research Institute, University 
of Ca1nbr idge, 
. ,-
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1. 3 (b): Recent innovations 
Recognising that available guidelines were of little value in advising 
visitors how they should behave near breeding colonies, concerned groups 
have recently produced their own recommendations. The Antarctic Traveler's 
Code (ATCO ) was announced on 31 July 1991 by a group of experienced 
Antarctic naturalists from Oceanites, an educational scientific foundation 
(Naveen et. al, 1989; Appendix- 5). _The International Association of 
Antarctic Tour Operators (IAATO), formed in 1991 by those organisations 
which have transported the majority of Antarctic tourists <Enzenbacher, 
1991; ATCP, 1991a) , have produced the Antarctica Visitor Guidelines (AVG; 
Appendix 6), which are one in a series of detailed guidelines, including 
advice to tour operators on promoting adherence to the AVG (Antarctica Tour 
Operator Guidelines). 
The efforts of each group are comparable in that they both recognise that 
disturbance is induced by human behaviour and should be the concern of 
everyone in the Antarctic . They also attempt to identif y specific 
behaviours in which people should or should not engage. Furthermore, they 
use some knowledge of penguin behaviour to try to understand what might 
distur b them. 
Both the ATCO and AVG include the relevant recommendations of earlier 
guidelines - to refrain fr om touching penguins or entering colonies - and 
they specify SCAR's (1984) unspecified distance: , five metres. They are 
appropriately phrased for a person about to visit a penguin colony, 
although, as Stonehouse (1990) has commented, the ATCO seems rather stern 
and negative. Yet, in relying on popular terminology to deliver the message 
(e.g. "back off if necessary"; penguins have "right of way"), the AVG, and 
particular ly the ATCO, leave its meaning open to interpretation in 
different ways, and the underlying reasoning is still that disturbance 
-· 
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occurs when it looks like penguins are disturbed <again, which can be 
interpreted in different ways) . 
The AVG and ATCO do not apply to all of the forms of human activity 
outlined above (1. l (d)) . Based on their research, Wilson et. al <1991, 
p. 368; Appendix 7) have made recommendations relating to both aircraft and 
people near penguins, and these will be evaluated in following chapters. 
However , although exhibiting some of the necessary principles, all of these 
sets of guidelines fall far short of what is required and can be achieved. 
To obtain a clearer understanding of how human-induced stimuli affect 
Antarctic penguin behaviour, we must change the emphasis from one of 
anthropocentric distinctions between human behaviours and anthropocentric 
indications of disturbance, and instead focus on how the penguin is likely 
to interpret and respond to the variety of stimuli embedded in the 
environment it shares with people. 
1. 4: The animal behaviour approach to human dist urbance 
Since Hinde's (1966) fusion of ethologica l theor y and comparative 
ps ychol ogy, the beha viour of an ani mal has been understood in relation to 
its evolutionary and environmental niche. Various aspects of its e xternal 
and i nt erna l env i r onment elicit the behaviour which has led that particular 
species to surv ive. Ackerman (1989 , pp. 39-40) has desc r ibed how keepers a t 
Sea Wor l d i nduce hand- r ear ed chicks to open t heir beaks fo r feeding by 
making a V shape wi th their fingers - thus, providing the relevant stimulus 
aspec t of it s mother' s beak. The V s ha pe is an example of a sign stimulus -
a stimulus that obtains its reaction evoking properties from some kind of 
central nervous system filtering mechanism (see McFarland, 1985, pp.210-
216), ~imilarly, defense reactions in response to predators (Species-
Specific Defense Reactions; Bolles, 1970) simply occur from the time of 
--- ----- - - - -----,----- -------i 
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birth, although the appropriately emitted reaction generally changes with 
development. 
Other stimuli, however, might be learned through experience of the 
consequences of emitting a particular behaviour in response to that 
stimulus (operant conditioning), or through association of a neutral 
stimulus with an inherently reinforcing or punishing one (classical 
conditioning) . The learning which takes place, and the behaviour 
subsequently emitted, is determined by the animal's need to adapt to its 
ecological environment <Davey, 1989). 
Cross-species interaction occurs through an amphigenic code (Nimon and 
Dalziel, 1992), a code of stimuli which has meaning to both interactants 
(this being inferred from a change in behaviour). However, that meaning 
derives from the respective species' own response repetoire and is unlikely 
to be the same for each. The code can be thought of as a filter, through 
whi ch a stimulus emitted by one interactant emerges as a different signal 
on the other side. 
In illust r ation, Nimon (1990) has described that visi tors to the zoo have 
characteristic , anthropomorphic ways of interpreting the behaviour of 
various animals, and attempt to interact with them accordingly. Yet, Nimon 
and Dalziel (1992) have shown that such visitors may evoke reactions of 
which the y are oblivious. They found that zoo an~mal behaviour was 
differentially a ff ected by vi sitor behaviours which, to the human observer, 
are distinguishable in only subtle ways. For example, behaviours involving 
sudden movements with the arms and prolonged staring at the face of a 
siamang Hylobates syndactylu~ produced a response appr opriat e t o an 
i nterspecies agonistic encounter, whereas pointing, laughing and leaning 
I 
I] 
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forward had no such effect . Although it seems to the visitors that the apes 
are becoming excited or lively, they were, in fact, responding to a threat. 
Penguins also have their own ways of interpreting their environment . These 
represent the tools available to them in interpreting new elements in their 
surroundings . For example, it may be that a helicopter would be more 
disturbing than a ground vehicle of the same size and noise level, because 
the helicopter includes the additional stimulus property that it travels in 
the sky, as do the birds who are their only traditi.onal land-based 
predators. Because the penguin's interpretation of events in its 
environment is not likely to correspond to our interpretation of those 
events, it is not wise to leave people to behave according to their own 
perceptions of what will disturb a penguin. 
To make progress in human disturbance research, it is important to attempt 
to understand the penguins ' world - what are the major influences in their 
lives and how do they r espond to them. Evidence of how penguins appear to 
have reacted to human-induced stimuli must be evaluated in this light. The 
following chapters draw attention to the few relevant experiments, and 
squeeze i nf ormation from anecdotes , t o ident i f y aspects of the amphigen ic 
code elicited in our behaviour, the reactions they evoke, and the 
situational var iables which may modify the stimul us-response connection. 
The ani mal behaviour appr oach meet s the r equi r ements that have been 
identified i n chapter one . I t f ocuses on t he f undament a l ac tion-react i on 
l evel of disturbance, produces the precise details necessary for the 
s pecification of guidelines, limits anthropocentric bias, and a l lows for 
prediction of how disturbance may vary with a change in circumstances. In 
short, it provides an objective, disciplined methodological and theoretical 
foundation for this field . 
r~ I 
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CHAPTER TWO: IMPORTANT 
ANTARCTIC PENGUIN 
DETERMINANTS 
BEHAVIOUR, 
-
OF 
The breeding status of a penguin determines much of its behaviour. The 
behaviour of surrounding penguins also influences that of the individual. 
These factors, which are impgrtant aspects of an Antarctic penguin's 
interaction with its natural environment, are likely to exert significant 
influence on the birds' responses to new or unusual stimuli invoked by 
humans. 
2. 1: The breeding cycle 
Antarctic penguins coming ashore for breeding follow a tight schedule of 
stages, enabling chicks to reach a certain threshold of development in time 
to fend for themselves over winter. Thus, much penguin behaviour ashore is 
oriented to the requirements of these stages in ways which will certainly 
affect response to humans. The most significant distinction between stages 
is that birds with eggs or small chicks must protect their offspring from 
adverse stimuli, those without are free to flee from anything which evokes 
fear. However, the implications of behavioural change, as well as the form 
of response, wil l vary with breeding phase. If an unencumbered Adelie is 
induced to walk .away it is being disturbed, but the same reaction may cause 
breeding failure in incubating or brooding birds whose eggs or chicks are 
exposed to cold and predation. 
As the timing of disturbanc e in relation to breeding is of considerable 
significance, it is important to begin with some understanding of the 
predominant activities and colony composition over the breeding cycle. This 
can be briefly summarised as follows: 
The three pygoscelids and the macaroni penguin are present in colonies for 
-
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only a few months, and their cycles are reasonably comparable <Figure 3) . 
During incubation and brooding one member of the pair remains on the nest 
while the other forages at sea, but partners relieve each other more 
frequently at the l~tter stage, so there are generally more birds ashore at 
this time than during the long and solitary incubation phase. From December 
onward, juvenile non-breeding birds may also visit the colonies and go 
through the motions of courtship.- After a few weeks of life , chicks are 
large enough to form creches and both parents forage at sea, returnin~ 
periodically with food. Chicks gather on the beach when ready to fled~e. 
Once they have left, adults moult and then also depart for the winter . 
The breeding activities of king and emperor penguins are similar to those 
described in Figure 3, but their cycles are longer as they have lar~er 
chicks to raise. Emperors are able to fledge chicks contemporaneously with 
the smaller species by starting to breed much earlier in the season. E~~s 
are laid and incubated in winter , when the male of the pair takes the 
entire incubation period of about 65 days (Robertson, 1990). Females 
generally return just as the eggs hatch. As summer approaches, colonies are 
home to rapidly fattening chicks, and parents of both sexes can be found 
there feeding them. 
King penguins on South Georgia adopt a 13-14 month cycle. Like the smaller 
species, they lay and incubate from November onward, but incubation lasts 
about 54 days. Adults leave the colonies from April and May; the half-~rown 
chicks remain in creches to be fed at long, irregular intervals . They loose 
weight through winter and may die . Birds whose offsprin~ die lay in the 
following November; those whose chicks survive fatten them durin~ November 
and December, then lay again in January and February <Stonehouse, 1972: 
Muller-Schwarze, 1984). The timing of these phases varies with location, 
for example, on Iles Crozet most laying occurs later than on South Geor~ia 
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(Weimerskirsch et. al , 1992). Overall , howe ve r , adults and chicks of various 
stages and sizes are found ashore in the summer months , but this melantze 
simplifies to chicks in creches and some adults over winter. 
2 . 2 : Penguin mob behaviour theory 
The presence and behaviour of congeners also seems to be an important 
influence on an individual bird's behaviour on land. All Antarctic species 
congregate in large colonies , and are known to have a complex code of 
signals and vocalisations with which they specifically modify each other's 
social behaviour , for example, during courtship or agonistic interactions 
(Ainley, 1975; Spurr, 1975 ; Simpson, 1976, pp. 124-125; Nelson, 1980, pp. 97-
99; Jouventin, 1982). Given that their breeding cycles are highly 
coordinated and synchronous within species - for example, all pygoscelid 
and macaroni eggs in a colony are laid within a few weeks of each other, 
those of the emperor, in a two to four week period (Stonehouse, 1972 ; 
Muller-Schwarze, 1984) - i t would seem to be of benefi t should congener 
behaviout aid hormonal factors in r egulating the onset of each stage. From 
observations of captive Antarctic penguins, it has even been suggested that 
crowded conditions <i. e . the pres ence of many other birds) are 
prerequisites for successful breeding (Pankhurst, pers . comm.) 1 • 
Severa l biologists ha ve commented that if any i'ndividual penguin bep;ins 
,moving "purposefully", others slavishly follow (Stonehouse, 1960, pp. 55- 56: 
Simpson, 1976, p. 122; Robertson, 1990 ). Furthermore, Ackerman ( 1989) has 
1, Sheila Pankhurst is a postgraduate student of the Zooloqy Department, University of Cambridge, and a former tourist in the Antarctic, 
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thus explained the misconception <used by Dawkins in The Selfish Gene. 
1976, p.6) that penguins on the ice edge push a sacrificial victim into the 
water to test for seals: 
Instead, what usually happens i 9 that so many penguins are 
crowded onto an ice overhang that those near the edge get nudged 
off. When that occurs, the others plunge rig-ht in; they' re very 
much creatures of the mob <p. 46) . 
Given the social nature of Antarctic penguin life, it is suggested that the 
behaviour of congeners provides potent stimuli which evoke, modify and 
reinforce much of the behaviour of the individual. The penguin mob 
behaviour theory (Appendix 3) will clarify some of the results discussed in 
the following chapter. 
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CHAPTER THREE: EFFECTS OF AIRCRAFT ON 
PENGUIN BEHAVIOUR 
The effects of aircraft represent the clearest and simplest form of human 
disturbance. Aircraft are obviously disruptive stimuli, and penguin 
reactions to them are often uncontentious - such as fleeing. From Culik 
et. al (1990) and Wilson et. al (1991) information is available on penguins 
at different stages of the breeding cycle, so it is possible to explore how 
breeding status affects response to aircraft, and how the implications of 
disturbance vary with breeding phases. Aircraft effects offer our best 
opportunity for understanding s ome of the basic issues in human 
disturbance, and are an appropriate place to start any comprehensive review 
of the field. 
3. 1: The basic penguin reaction to aircraft 
Wilson et . al (1991) report that Adelie penguins commuting between the 
colonies and the sea exhibited a graded pattern of response to the approach 
of aircraft used in resupply operations at Esperanza, Antarctica. The 
initial response was to stop walking, then successively to walk , run and 
toboggan away from the source of disturbance. Birds which are not 
protecting young may respond more directly to a disturbing stimulus. Thus , 
this sequence may represent the basic penguin reaction to aircraft also 
adopted by juvenile non-breeding birds , and courting and moulting penRuins 
wi t h no immediate nest r esponsib i l ities . It possib l y even represents the 
basi c pengui n r eaction t o a ll l arge , hi ghl y sa l i ent, f ea r -evok i nR stimuli . 
Kooyman and Mullins (1990) describe a s i mi la r s equence in emperor penguins 
"to any external disturbance" <p. 174 ) : neck c r ani ng, f lappinp; of winp;s 
while s t anding in place, walking away from the disturbance, toboRp;aninp: 
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away from the disturbance powered by feet, and tobogganing away at hiRh 
speed powered by both feet and wings'. Penguins with e~~s or small chicks 
sometimes respond with similar behaviours, but tolerate greater disruption 
before deserting their young (3.4; A~pendix 3). 
3.2: Reactions of penguins without eggs or small chicks to a single 
approach by aircraft 
Wilson et. al (1991) observed commuting Adelies during a single approach by 
a Twin Otter, Super Puma helicopter, and C-130 Heicules, all travelling to 
a point 350m away at about the same speed. They found that the different 
aircraft produced different patterns of response <Figure 4). 
The Twin Otter caused the birds to stop. This occurred when the plane was 
still 1 km away, but most birds did not begin moving away until it was 500m 
closer. Ten percent of commuters passed into the tobogganing stage as the 
Otter reached its closest distance, but this and other disturbance 
behaviour declined sharply as the aircraft receded and no disturbance was 
apparent once it had reached a distance of 600m. The Super Puma and the C-
130 produced more extreme reactions. Although no effects were observed 
until the Puma was within 600m of bi r ds, when it reached 400m all birds 
were moving away <percentage tobogganing could not be determined but Figure 
3 indicates disturbance sufficiently severe to assume that it occurred) . 
Approximately 35% of commuting Adelies began to move away when the C-130 
was still 1.3 kilometres distant, and another 35% stopped moving. By the 
time the C-130 approached to 500m, all birds were moving away, and at its 
c l osest distance of 350m, 75% of bi r ds we re tobogganing. 
1, However, the authors do not explain what stimuli caused these reactions or how they discovered this hierachy, 
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Figure 4. Patterns of commuting Adelie response to a single 
approach and departure by each of three different aircraft. 
Filled circles indicate the percentage of birds stopping 
movement, open circles indicate birds moving away from aircraft, 
and squares denote birds tobogganing away from the aircraft 
(Wilson et.al (1991), p.366), 
Type Engine Power Wing/rotor Length Max mass 
no. (kw) span (m) (m) (kg) 
MBB-BO 105 2 275 9.3 7.8 1,750 
(Messerschmitt-
Bolkow-Blom, F~G) 
Super Puma AS 332 2 955 15.0 18.8 6,400 
(Aerospatiale/ 
Westland, France, 
UK) 
DHC-6 Twin Otter 2 425 19.8 15.1 4,760 
(De Haviland, 
Canada) 
Lockheed C 130 4 3,085 40.4 29.8 75,000 
Hercules (Lockheed, 
USA) 
Table 1. Technical characteristics of aircraft commonly used in 
logistic operations in Antarctica CWi 1 son et. al (1991), p. 365) . 
-~ 
.11 
-
]I 
..) 
-
. 
-32-
One of the most interesting aspects of these results is that react ions 
continued at high intensity as the aircraft moved off, increasing the 
distance between themselves and the penguins. Birds did not stop moving 
away from the helicopter until it had receded to 1. 5km, and 50% were still 
moving away when the C-130 had receded to 2. 3 km. 
Wilson et . al (1991) comment that they could not ascertain whether the 
reaction subsided because of the disappearance of the stimulus or the post-
stimulus time elapsed. Either of these alternatives would suggest a steady 
decline in response, and the former explanation would also entail a pattern 
of reduced responding symmetrical to that induced by the approaching 
aircraft. The Twin Otter pattern resembles this description, but response 
to Super Puma and Hercules seems to be path-dependent. 
The pengu.in mob behaviour theory may help to explain these findings. 
Behaviour as the aircraft recedes seems to be strongly related to the 
percentage of penguins disturbed and the degree of that disturbance. 
Panicking penguins may have induced others to panic and, furthermore, the 
fact that so many birds were so highly disturbed probably reinforced the 
fear reaction. This explanation fits comfortably with the observation that 
commuting birds did not habituate during a subsequent three-day period of 
intensive helicopter activity (Wilson et . al , 1991). The birds do not get a 
chance to learn that the aircraft does not signify an impending attack as 
its appearance is firml y linked to a terrible e vent: congener panic. All 
that is necessary is that approach to some distance incite disturbance in a 
high proportion of birds, and that proportion of birds will do the rest. It 
is still a synergistic effect, however, as further increase in stimulus 
intensity (e.g. C-130 at 400m) augments the r esponse, and stimulus removal 
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eventually results in a return to an undisturbed state. Thus, the type of 
aircraft modifies the stimulus, and the behaviour of congeners confounds 
response. 
The precise stimulus aspects which determine the differential response to 
types of aircraft are somewhat difficult to determine. Noise seems to be 
relevant; from Wilson et. al's (1991) table <Table 1) one can see that the 
Otter uses half as much power as the Puma, which uses less than one third 
as much power as the C-130. Yet, the exact role of noise as a general 
disturbance stimulus is difficult to assess. For example, there is no 
conclusive literature on the disturbance effects of trucks and construction 
vehicles. Wilson et. al <1990a) mention the "constant hum of machinery" 
<p. 187) and the frequent passing of vehicles when discussing penguin 
population reduction induced by former operations at Cape Hallett, but many 
other stimuli were involved, including helicopter activity, and the 
presence of people. Similarly, Greenpeace International's report of 
activity at Dumont D'Urville (1990) describes "dust, noise and constant 
human activity" <p. 51) confounded, and the impact on nearby birds is 
impossible to assess as scientists were actively trying to displace them. 
Even so, noise seems to be important, at least when it is associated with 
something approaching in the sky, which in itself is probably disturbing as 
all land-based predators of penguins are flying birds. Ahother variable 
which distinguishes between the Otter and the Pu~a is the steady pattern of 
movement of one and the jerky movement of the other. If the reactions 
induced by the two aircraft could be compared to any reactions induced by 
the smaller MBB-BO 105 helicopter (Table 1), then some relationship between 
noise and movement might emerge. The great magnitude of disturbance caused 
by the C-130 is undoubtedly due to the extreme noise and size of the 
aircraft . 
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The f irst stage of the basic penguin response seems to be a sign of 
alertness which may be expressed as cessation of activity if the bird is 
not moving. One further implication of this analysis is that there is a 
great qualitative distinction between this response and the behaviour of 
moving away, as when the former was the predominant response the 
synergistic congener effect <Appendix 3) did not occur . There is also, 
then, a great qualitative disJinction between response to the Twin Otter, 
which produced signs of alertness at its initial threshold, and the other 
two aircraft which immediately induced retreat behaviour. 
3.3: Reactions of penguins without eggs or small chicks to prolonged 
exposure to aircraft 
Wilson et . al's (1991) observations of commuting birds ' reactions to a 
three-day period of Super Puma activity, and some of Culik et.al's (1990) 
comments on aircraft effects, indicate how learning processes during 
continuous aircraft activity may affect the basic reaction. 
As Wilson et.al (1991 , p.367) saw no evidence of habituation in commut ing 
birds during those three days, we can assume that the reaction described i n 
relation to the first approach by a Super Puma occurred in response to each 
fl ight. Si mil ar ly , Culik et . al (1990 ) also r eport that commuting Adelies 
di d not habituat~ to helicopt er oper a t ions, and " rushed" (p . 180) away from 
a Sea King every time it approached. Yet , there is a great disc r epancy 
between the distance at which Culik et.al ' s (1990) commuting pengui ns began 
to retreat in response to helicopter (1500m), and that at whi ch Wil son 
et.al ' s (1991) penguins did likewi se (600m). This might be expla ined by 
physical diffe r ences be tween the two ai r c r a f t, but a Sea Ki ng a t 1500m 
probably l ooks smal l er and is les s noisy than a Super Puma at 600m. It is 
more likely that Culik et.al (1990) are describing penguins which had been 
exposed to this stimulus on several recent occasions. The combined effect 
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of aircraft approach and congener panic is a potent consequence, the 
imminent occurrence of which is signalled by the appearance of the 
helicopter in the sky. Hence, through association learning, a previously 
neutral stimulus (helicopter at 1. 5km) takes on disturbance evoking 
properties . This is supported by Culik et . al's (1990) observation that 
reaction began, not when the King started its engines 1500m away, but as 
soon as it rose to a height at which it could be seen. 
The absence of the synergistic congener effect in relation to a Twin Otter 
means that prolonged exposure might result in habituation of response as 
the Otter passes time after time without causing much damage . A very 
different scenario is predicted for reaction to a large helicopter or C-
130: disturbance reactions become manifest at an earlier stage of stimulus 
intrusion. In other words, the total amount of disturbance gets worse. This 
prediction is consonant with another of Wilson et.al's (1991) findings: the 
overall number of commuters decreased steadily over time. Whereas 3,125 
penguins commuted between the colonies and sea on the day before helicopter 
activity, there were only 2,223 commuters on the second day of disturbance 
(71%), and 1,526 (49%) on the last day. Numbers rose to earlier levels the 
day after operations ended. 
A few further aspects of disturbance emerged during the period of intensive 
helicopter activity. 
It appears that birds feeding at sea were discouraged from returning to the 
colonies (Wilson et.al, 1991). Breeding Adelies ashore were brooding young 
chicks, which might starve if the relieving partner is delayed for several 
days (Davis and McCaffrey, 1986). However, the timing of partner relief is 
of crucial importance during the incubation phase of penguins whose 
partners take long foraging trips (Adelies, chinstraps, macaronis, kings 
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and emperors; Davis and Speirs, 1990). Fasting incubating birds desert 
their nests when their stored energy is exhausted and their partners have 
not yet returned. Partners may miss each other by only a few hours , and 
eggs are snatched by skuas within secqnds if left unprotected. At certain 
critical times, for example around the end of the Adelie's first incubation 
shift <Davis, 1991), there may be many birds running low on fat reserves. 
If the same helicopter operations were imposed on these species at such 
times, then induced delays in relief of any magnitude could lead to 
increased breeding failure. 
The number of birds in the surveyed colonies decreased by more than 15% 
over the three day period, although former numbers were regained 24 hours 
later. An 8% decrease in active nests suggests that some of the birds that 
departed were tending chicks. The discrepancy suggests that some non-
breeding birds also left the area. Wilson et.al (1991) suppose that the 8% 
mortality was the result of panicked birds fleeing their nests and exposing 
their chicks to skuas, but they offer no further description or explanation 
of this event . 
3.4: Reactions of nesting penguins to aircraft 
Wilson et . al (1991) found that, among nesting birds, the critical flight 
distance in relation to an approaching person increased with the size of 
the offspring. They suggest that the likelihood a penguin will flee its 
nest is inversely re lated to the chances of survival of the brood if left 
alone: while eggs or small chicks are almost immediately snatched by s kuas, 
larger chicks are less f requently attacked . Culik et.al (1990) observed the 
same pattern in relation to aircraft approach. Adults with chicks at creche 
age fled in response to a helicopter overflight, but most incubating 
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Adelies r emained on the nest when a Sea King flew over them at an altitude 
of 20m. 
The problem here is that many report that large proportions of the 
incubating and brooding penguins in a rookery have fled in response to 
aircraft. Stonehouse (1965b) described scores of incubating and brooding 
Adelies deserting their young _upon every landing of a helicopter (within 
100m), up to five times a day. Muller-Schwarze saw "several thousand" 
incubating Adelies flee their nests, causing eggs to roll away, when a 
helicopter took off over the Cape Crozier rookery <Muller-Schwarze and 
Belanger, 1978 1 p. 374) . And Budd (1962) mentions that a Beaver aircraft 
circling over incubatinlT emoerors at 150m caused them to march awav from u i 
,/ 
the disturbance, a very serious intrusion given that eggs are incubated on 
the feet, and may roll out from under the brood pouch and freeze 
<Robert son, 1990 >. 
One possible explanation lies in the duration of exposure. Whereas Culik 
et . al (1990) may be referring to a flight straight over the colony, taking 
off and circling overhead last longer, and a landing aircraft is a stimulus 
which does not go away. Rookery or colony size may also be important, for 
Culik et. al's birds were part of a group of only about 50 pairs, while 
Stonehouse (1965b) was dealing with some 1500 pairs. Perhaps a larger 
colony is more likely to contain individuals who, for whatever reason, are 
more prone to disturbance and induce others to react. Alternatively, slight 
signs of alarm may be quickly magnified in a ripple effect in a larger, 
more densely packed group, causing a reaction which would not occur in a 
small group if all birds showed little sign of concern. Nonetheless , Culik 
et.al's (1990) finding remains something of an anomaly. 
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One of Culik et. al ' s (1990) incubating Adelies and two of Wilson et.al's 
(1991) brooding Adelies were equipped with heart rate monitors during 
helicopter overflights. These individuals did not leave their nests, but 
the heart rate of the former increased from an average resting rate of 86 
beats per minute Cbpm) to a maximum of 150bpm, that of the latter from an 
average resting rate of 83bpm to a maximum value of 286bpm, accompanied by 
components of Ainley's (1975) quiet mutual display. These behavioural 
changes are not only indication of disturbance: dramatic heart rate 
increases may be cause for serious concern. 
Although some have argued that stress-induced changes in heart rate are not 
accompanied by significant changes in energy expenditure (Owen, 1969; Culik 
et. al, 1991), others suggest that they are (Ferns et. al , 1979, p. 599; 
Manser, pers.comm. 1 ). Furthermore, Culik et.al (1990) chose to measure 
heart rate because Perry (1973) explained that it was a component of the 
fight or flight syndrome. Fight or flight can have a short-term but 
dramatic increase in heart rate and blood pressure, and a concomitant 
increase in metabolic rate (Moberg, 1985a, p. 31). 
Nest desertion during incubation may already account for about 15% of 
breeding failure in Adelies <Davis and McCaffrey , 1986) . If a fasting bird 
is induced to bu~n its fat reserves more rapidly, then the chances of nest 
desertion increase. Even if heart rate increases to aircraft do not 
l, Dr, Caroli ne Manser is in the Cli nica l Veteri nary Med icine Department at 
University of Cambridge , She recently produced a detailed report on the 
identification and measurement of stress in animals for the RSPCA, an extract of 
which was published in Nell' Sdentist., Vol, !J4(!8!8): 34-36, 
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indicate increased metabolic rate, fasting penguins conserve their energy 
by reducing their physical activity, and probably, increasing their amount 
of sleep (Groscolas, 1990). Enormous heart rate changes and displays 
associated with a hesitancy to locomo~e (Ainley, 1975, p. 512) are 
incompatabile with this strategy. 
3.5: Reactions of nesting penguins to prolonged exposure to aircraft 
The heart rates recorded by Wilson et. al (1991) appear to indicate that 
birds habituated to approach within 200m after three days of helicopter 
activity <Figure 5). Yet, by this time, penguins had been exposed to the 
aircraft for a total of 300-350 minutes. This may have delayed relieving 
partners for long enough to precipitate chick starvation <Davis and 
Mccaffrey, 1986), thus accounting for part of the 8% breeding failure. This 
habituation might not have occurred had aircraft activity been more 
sporadic, and its effects may well only last for a short period of time: 
thus, we cannot conclude that habituation to helicopter achieved early in 
the season would still be apparent during later disturbance . 
A bird on the nest which does not flee may well habituate, learning through 
repeated exposure that the aircraft is not going to attack. But the 
stimulus aspects of the aircraft may be inherently disturbing, which is 
likely if at least some of those stimuli are also presented by predators. 
It is possible that Wilson et .al' s (1991) birds did not habituate, but , 
instead, progressed from the fi ght or flight syndrome (char acterised by 
increased heart rate) to the conservat i on-withdrawal mode .of st r ess 
r esponse <Moberg, 1985a). Apparently related to learned helplessness <Maier 
and Seligman, 1976), conservation-withdrawal occurs when an animal is 
unable to escape an aversive stimulus. It is a learned response which will 
take some time to appear . In contrast with the initial fight or flight 
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which mediates the choice between active responses (even if the presence of 
young prevents its expression), conservation-withdrawal is characterised by 
remaining motionless , a decrease in heart rate, and an increase in plasma 
corticosteroids. It is not clear whether helicopter disturbance endured 
longer than 350min, but heart raLe figures after 300-350min exposure fall 
below the original resting pulse of 83bpm (Figure 5), and may have 
continued to go lower. A build up of plasma corticosteroids would certainly 
be related to the accelerated breakdown of body fat (Manser, pers. comm.). 
Thus , if penguins on the nest do develop the conservation-withdrawal 
syndrome, then they are expending their energy reserves more quickly. 
3.6: Investigating a contemporary issue: king penguins stampede on 
Macquarie Island 
The effects of aircraft on penguins at the creching stage received much 
attention recently when 1000 adult king penguins and 6000 creche age chicks 
were found dead on 11 June, 19901 at Lusitania Bay, Macquarie _ Island 
(Figures 6&7). Of an estimated 60,000 chicks and 5-10,000 adults ashore 
which could have been involved, these birds asphyxiated when their flight 
trapped them against a barrier of rock and tussock grass at the north-
eastern end of the rookery (Royal Australasi an Ornithologist's Union, 1990; 
Rounsevell and Binns, 1991; Figure 8). 
On 30 May a C-130 made an airdrop to the station, then circumnavigated the 
island. Init i ally, both the Roya l Australian Airforce <RAAF) which flew the 
C-1 30, and Macquarie Island zoologists were reluctant to connect the 
stampede with human interference (Anderson, 1990). This is understandable , 
given that a C- 130 regularly makes an airdrop to the station three times a 
year . The Australian Federal Minister for Defence said that previous 
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Figure 6 . King penguin colony at Lusitania Bay, Macquarie Island 
(National Parks and Wildlife Service, 1987 , front cover). 
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Figure 7. Dead king penguins following stampede at Lusitania 
Bay (Rounsevell and Binns (1991), p. 10). 
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studies showed penguins were not normally alarmed by aircraft (Figure 9). 
Possible natural causes, such as seismological activity, were investigated, 
but a report by the Department of Parks, Wildlife and Heritage (responsible 
for Macquarie Island) concluded that the approach of a large aircraft at 
low altitude was the most likely ~xplanation for the stampede. The report 
concluded, however, that on the evidence available it was not possib l e to 
attribute the stampede to any particular cause CRounsevell and Binns, 
1991). 
The evidence presented here shows clearly that aircraft can have enormously 
disruptive effects on penguin colonies. Given further circumstantial 
evidence, it is very likely that the C-130 caused the stampede. 
According to Smith (1989), the practice of circumnavigating the Island 
after a drop is not routine. Indeed, the C-130 generally circles in a 
ciockwise direction around the peninsula, and from there can head for 
Australia (Figure 10). There is no apparent reason why an aircraft should 
fly around the island, unless for the sake of sightseeing. Even if the 
aircraft did remain " at least one nautical mile Cl. 85km)" CFip;ure 9) from 
the Bay, it was - flying only 250m above sea level CRounsevell and Binns, 
1991). At this altitude, it cannot have been over the plateau <Figure 8), 
and was probably visible to the penguins. The aircraft travelled down the 
west coast and t hen up the east coas t , and the direction in which the birds 
stampeded is consistent with them movi ng awa y from the plane. None of th is 
can prove t hat the C-130 caused the penguins to stampede, and the death of 
7, 000 king pengu i ns on Mac quar i e or othe r s ub-An tar ct i c i sl ands is without 
precedent in the absence of a natura l catast r ophy <Rounsevell and Binns , 
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Inqulryrejects penguin death theQTy 
_.\. ROYAL ..\u.sfralian Air Force 
inquiry h,,s dismisscd.cla.i~s that 
one of it.,: i1ircraft -· c3.used ·_-the 
stampede which killed abou_t 7000 
· king penguins on :l\lricquaric · l;;-
fand in J _une: . . . ·· · .. · · . 
. The inquiry foilo,,·ed allegation.,: 
from ~11e Indcpenqent member for 
Denison in the Hou::-eof Assemblv. · 
Dr Bo·b Brown. . · -
, Dr Brown !;uggested a Hercules 
~upply plane rc1ay have caused or 
contributed to the stampede in 
which about 6000 chicks and 1000 
adult p.::nguins died. 
The birds were found <lead on 
June 11 at Lusitania Bav in th(· 
southern region of the sub--Antarc-
tic i:;land. 
The Fc<leral . Mrnister for De-
fence. Senator Robert Rav , said 
yesterday the investigation found . 
nothing unusua l or unpreccd.::nted 
about._the RAAF . Oight - which 
. ,:pproachcd the isl:irid i~Jate May. 
about the time the penguins were 
thought to have .died . 
Senator Hay said crew testimo-
nie~ i n<licated the aircraft. rc-
maim:d well dear of known sen:,;i -
• tivc areas ,ind at.least one nautical 
rfii!c from the bay. .· _ . 
Low-lc,·el flights around the i:::-
land after air drops were normal 
practice. _ . 
Senator Ray · said Tepons from 
aircrews in previous sun·eys and 
ccn~us studies of penguin colonies 
~hO\\·~d the penguins were nut 
normally alarmed by aircraft. 
But · Greenpeace has ·blasted 
Senator Ray for shying away from 
a · full public · inquiry into the: 
penguin _deaths and said it was not 
satisfied the flight had riot contri-
buted to the deaths. · · 
Figure 9. Inquiry rejects penguin death theory, from The Mercury 
(of Hobart) , 19 July, 1990 , p. 4. 
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Figure 10. Us ual flight path of C-130 
over Macquarie Island peninsula before 
heading back to Australia <inset). 
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1991) . But it is possible that such stampedes have occurred before, 
distressing, but not trapping and suffocating the birds. 
3. 7: Summary and implications 
It is apparent that the stage of _the breeding cycle influences the form and 
severity of aircraft disturbance response. Penguins without eggs or small 
chicks are free to react more directly to an aircraft stimulus than those 
which must protect young. On the other hand, the response of the former is 
also affected by that of congeners. The mob behaviour theory is a useful 
concept which may help to explain the synergistic congener effect at 
particular thresholds of disturbance and number of birds involved. The 
behaviour of congeners may also influence learning during repeated or 
prolonged exposure to aircraft. Where symptoms of the synergistic con~ener 
effect are seen, habituation seems unlikely to occur; indeed, subsequent 
exposure may augment the overall degree of disturbance. 
Penguin response to aircraft will vary not only with such situational 
variables, but with changes in aspects of the stimulus . The broadest 
division of these is that between types of aircraft. The findin~ that a 
Twin Otter induces less disturbance than a C-130 or large helicooter 
concurs with comments in the literature (e.g. Sladen and LeResche. 1970. 
p. 590); level or quality of noise, or pattern of movement may be 
implicated, but their relative significance is unknown. 
Based on the experiments of thei r team, Wilson et . al (1991, p. 369) have 
provided recommendations <Appendix 7) , several of which (1, 5, 7) are 
attempts to limit ai r craft disturbance . 
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They suggest that aircraft activity should be carried out after chicks have 
fledged. Recognising that resupply of bases may be logistically impractical 
at such a late stage, the alternative suggested is during incubation, when 
birds have been incubating for at least 10 days. Ten days into the 
incubation phase of Adelies is approaching the end of the first incubation 
shift, a very vulnerable phase of the breeding cycle <Davis, 1991). Even 
small delays in the return of birds at sea may be significant at this time, 
and inducement of accelerated energy burning could lead to breeding failure 
in individuals of species which must ration fat supplies during a long and 
demanding fast. Aircraft activity may cause both phenomena. 
On the other hand, their preferred period might be more vulnerable than 
incubation. The moulting adults which are present after chicks fledge also 
fast, for the temporary reduction in their insulation does not allow them 
to maintain thermal balance in water (Groscolas, 1990, p. 269). They are 
even more likely than incubating birds to be induced into using their 
energy supplies faster than usual, as in the absence of young to protect, 
they are likely to run before a helicopter or C-130. According to the 
arguments above , if , for example, a C-130 were to approach to 400m several 
times over a short period, the results could be disastrous. Birds would 
experience great heart rate changes, many of them would run , and they would 
soon come to respond when the aircraft were much further away. 
The occ urrence of mixed spec ies colonies (e.g. gentoos , chinstraps and 
Ade l ies) will probabl y conf ound all of t he r eact i on processes suggested 
here. Differ ent s pec i es may have diffe r ent r esponse thr esholds which would 
compli cate t he s ynergistic congener e ffect. Also, t he s pecies present may 
be at different stages of breeding <Trive l piece et.al , 1987), making it 
impossible to confine disturbance to one stage of the cycle. 
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Thus, it is not yet, if ever, possible to define a "safe" period for 
aircraft activity during Antarctic penguin breeding, particularly a 
standard safe period regardless of the configuration of all of the above 
variables. Wilson et. al's (1991) recommendations five and seven are of the 
form most suited to the current state of knowledge (and are reminiscent of 
earlier guidelines, 1. 3(a)): keep aircraft activity well away from 
penguins. A distance of one kilometre may not be sufficient to prevent 
disturbance, for the king penguin stampede might have been caused by a C-
130 at such a distance. However, it provides a starting point which could 
be adopted prior to further careful observations. 
3.8: Advice to scientists 
Flights over or close to penguin colonies are also made for aerial 
photography, an accurate method of census in which photographs are later 
examined with magnifying equipment. The most effective time to photograph 
an Adelie rookery is during early incubation, when 70-90% of birds ashore 
are incubating eggs and birds are evenly spaced (Stonehouse, 1969, Taylor 
et. al, 1990); incubation shifts of macaroni penguins may be similarly 
appropriate. Sladen and LeResche (1970) recommend that ideal conditions 
involve the use of a 305mm lens in a Twin Otter flying at 610-762m. If , in 
accordance with the Protocol, aerial census can be planned to coincide with 
a stage of incubation which would not delay birds returnin~ from sea, then 
a few isolated passes at a high altitude in a T,win Otter will probably 
create little disturbance. Researchers could aid the cause by employing 
ground- based observers to record responses among birds. 
The d i ff e r ent breedi ng cycle of the empero r means that summer phot ogr aohv 
may be bot h inacc urate and dangerous. Kooyman and Mull ins (1990 ) 
recommendation that a single overflight in a LC-130 durin~ emperor creching 
would be s af e is not s upport ed here, and t hei r suggesti on t o experiment 
~ 
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Thus, it is not yet, if ever, possible to define a "safe" period for 
aircraft activity during Antarctic penguin breeding, particularly a 
standard safe period regardless of the configuration of all of the above 
variables. Wilson et. al's (1991) recommendations five and seven are of the 
form most suited to the current state of knowledge (and are reminiscent of 
earlier guidelines, 1. 3 (a)): _keep aircraft activity well away from 
penguins. A distance of one kilometre may not be sufficient to prevent 
disturbance, for the king penguin stampede might have been caused by a C-
130 at such a distance. However, it provides a starting point which could 
be adopted prior to further careful observations. 
3.8: Advice to scientists 
Flights over or close to penguin colonies are also made for aerial 
photography, an accurate method of census in which photographs are later 
examined with magnifying equipment. The most effective time to photograph 
an Adelie rookery is during early incubation, when 70- 90% of birds ashore 
are incubating eggs and birds are evenly spaced <Stonehouse, 1969, Taylor 
et. al, 1990); incubation shifts of macaroni penguins may be similarly 
appropriate. Sladen and LeResche (1970) recommend that ideal conditions 
involve the use of a 305mm lens in a Twin Otter flying at 610-762m. If, in 
accordance with the Protocol, aerial census can be planned to coincide with 
a stage of incubation which would not delay birds returnin~ from sea, then 
a few isolated passes at a high altitude in a Twin Otter will probably 
create little disturbance. Researchers could aid the cause by emoloying 
ground-based observers to record responses among birds. 
The different breeding cycle of the emperor means that summer photograohv 
may be both inaccurate and dangerous . Kooyman and Mullins (1990) 
r ·ecommendation that a single overflight in a LC-130 durinp; emperor crechins:i: 
would be safe i ·s not supported here, and their suggestion to experiment 
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with altitude thresholds is not acceptable. If emperor research can be 
under t aken over winter, Robertson's (1990) method of floatin~ a remotelv 
controlled, camer a equipped helium balloon over incubatin~ emperors seems 
a most suitable method. He does not mention birds' reactions. but it is 
very likely that they can tell the difference between the movement patterns 
of balloons and skuas. Unfortunat_ely, in relation to both disturbance and 
research, such clearly defined periods do not occur in the cycles of other 
pygoscelids, or king penguins. 
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AND 
AND 
BEHAVIOUR 
HANDLING 
OF HUMANS 
Reports of aircraft approach to penguins tend to mention the type of craft 
and the altitude. In contrast, details are rare in accounts of penguin 
response to humans, and disturbance effects are often only noted in cases 
of breeding failure. From the broad descriptions used in reports one must 
attempt to deduce the specific components of interactional processes. 
4. 1: An apparent contradiction between experiments and experience 
A belief commonly expressed in both official and popular sources is that 
Antarctic penguins are tame and unafraid of people (Halle, 1973; SCAR, 
1984; Porter, 1988, p. 47; Ackerman, 1989; Heap, 1990, p. 2603). This is said 
to be the result of millions of years of evolution without land-based 
predators. Reports of some of the very first encounters with penguins 
support this assertion. Scott wrote of the Adelies at Cape Evans: 
They waddle forward, poking their heads to and fro in their usual 
absurd way, in spite of a string of howling dogs straining to get 
at them . . . The dogs make a rush as far as their leashes or harness 
allow. The penguins are not daunted in the least ... and then the 
final fatal steps forward are taken and they come within reach. 
There is a spring, a squawk, a horrid red patch on the snow, and 
the incident is closed. Nothing can stop these silly birds. 
Members of our party rush to head them off, only to be met with 
evasions <1968, p. 72) . 
This is another example of penguins following those ahead of them, 
apparently not learning from the consequences o( others' behaviour. Yet, at 
least the first birds to approach seem to have been curious about the new 
arrivals . Many who have been to the Antarctic have tales .which similarly 
tell of penguins approaching them (Dunn, pers. comm. 1 ), "running up to" 
1, Mike Dunn is an adventure tour leader who has worked for a variety of 
companies1 such as Society Expeditions and Adventure Network1 and has travelled 
in the Antarctic over a period of 13 years, 
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them <Halle, 1973, p. 60), "surrounding" them (Cahill, 1992, p. 94), and 
"studying" them (Ackerman, 1989, p. 39). 
Culik et. al (1990) and Wilson et.al (1991) report dramatically different 
reactions in Adelies at Esperanza. Both papers cite striking heart rate 
(HR) increases in nesting birds to approach by a single human from over 30m 
away to within a few metres (86bpm to 127 bpm, and 76bpm to 135bpm, 
respectively). Wilson et. al (1991) found that inter:mittant activity by one 
person about 20m away _caused commuting Adelies to deviate by 70m from their 
usual path, an effect which was still apparent four hours after the person 
left. Culik and Wilson (1991) state that the presence of people adversely 
affects breeding penguins no matter how well behaved such persons maY- be 
<Appendix 2). What can be concluded about the effects of people's behaviour 
on penguin behaviour? The reconciliation of such disparate reports can only 
be achieved through reassessment of published data. 
4.2: Reassessment of some reports - preliminary suggestions about stimuli 
in people's behaviour and aspects of penguin response 
It appears that close approach and physical interference with breeding 
Adelies over several seasons reduces breeding success. In 1971, Oelke 
(1975) found that the percentage of chicks fledged from eggs in study 
groups on a transect between two huts at Cape Crozier was significantly 
less than that of groups several hundred metres away <Figure 11, Table 2). 
Activities over previous seasons {ncluded regular helicopter landings 
around the station hut and a great number of scientific studies. The latter 
involved handling and a variety of other intrusive procedures {e.g. 
attachment of electrocardiogram, Sladen et. al, 1966a; Boyd et. al, 1967; 
sexing by internal examination, and intensive banding, Sladen et . al, 1966b; 
Wood et . al , 1967; Sladen et. al, 1968a; and stomach pumping, Emison, 1968) . 
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~ Penguin colony areas 
Figure 11. Adelie penguin colony at Cape Cr ozier. Abbreviations 
AA and BB mark sites o f transec ts, and numbers along transects 
indicate breeding groups A1-A5, and B1 -B3 . Triangle,:, near Al, A5 
indi cate hut s , that near Al i s the st ation hut (Oelke (197 5), 
p. 365). 
Chicks before 
St udy.area Eggs/pair Hatched chicks Chicks in creches leaving natal 
(number) (27.11.70) per pair (4.1.71) site 
Al 1.91 1.62 0.87 0.57 
2 1.64 0.77 0.65 0.06 
3 1.86 1.70 1.00 0.44 
4 1.80 1.45 1.10 0.87 
5 1.85 1.60 1.28 0.68 
BI 1.95 1.68 1.36 0.75 
2 1.78 1.53 1.32 1.20 
3 1.83 1.26 1.00 0.85 
Table 2. Egg laying, hatching, and number of young fledged per 
breeding pa ir in transect A and B, Cape Crozier. No s ignificant 
differences exist at the creche s tage, but breed ing success of 
transect A wa,3 lower than that of transect B ( = 5. 69, df=l, 
p<O. 025), even when excl uding the totally unsuccessful breeding 
group A2 from the computation <Oelke (1975), p. 376) . 
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One might argue that the disruptive effects of aircraft alone are great 
enough to explain the discrepancy; certainly Ainley et. al (1983 , p. 174), 
working in the same area, were reluctant to blame declining productivity 
around the station hut on anything other than helicopter landings and 
removal of birds for experiments. However, examination of the data reveals 
that group A4 was no less successful than groups in transect B. Groups A4 
and A5 are the most remote from helicopter landing and activity, presuming 
that helicopters approached from a south westerly direction, the direction 
of McMurdo Base <Figure 12). Group A5 is right next to one of the huts. For 
studies such as assessment of diet and biotelemetry of temperature there is 
no reason not to use the closest birds, and A5 had probably been involved 
in past experiments. It appears likely, then, that exposure to people and 
intrusive procedures detrimentally affected the breeding success of A5. 
Helicopter activity exerts severe effects on penguins, including fleeing of 
adults and consequent predation on chicks, and the influence of past 
activities on groups Al-A3 was probably at least partially due to long-
lasting changes in factors such as group composition. But reactions to 
interference by people on foot are not as dramatic - even a bird removed 
from a nest may resume incubation if its eggs have been protected (Wilson 
et. al, 1991). How did previous human manipulations induce low breeding 
success in A5? 
This low breeding success was measured by another person. Oe lke (1975) 
tried not to di s r upt his subjects, sitting qui etl y, each time in the same 
spot 10-15m awa y, al t hough handling and weighing birds at intervals. 
Nonet he l ess, hi s mere presenc e ma y ha ve bee n an a nx iety e voking stimulus by 
virtue of penguins' past experience with people. Perhaps Oelke was 
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'
BEAUFORT 
ISLAND 
Cape Crozier 
Base <Ai nley et. a l (1983), 
1980-81 
Study sample 
ROSS 
SEA 
! Km 
rookery in relation to 
p. 9). 
1981- 82 
Study sample 
Control % decrease Control % decrease 
actual adjusted 1 colony in study colony actual adj usted colony in study colon 
Adelie 
Pairs2 n 60 60 394 27 26 456 
Eggsn 120 120 788 49 43 754 
Chicks n 98 80 647 35 27 612 
% Eggs hatched 82 67 82 15 71 63 81 
Chicks hatched/pair 1·6 1·3 1·6 l ·3 l·O 1 ·3 
Chicks fledged n 9 9 303 II 13 578 
% Chicks fledged 9·2 11·3 46·8 31-4 48·1 94-4 
Chicks fledged/pair 0·15 0·15 0·77 0-41 0-48 1·27 
% Chicks/egg 7.5 7·5 38·5 31 22-4 30·2 76·7 
.Chinstrap 
'Pairs n 60 46 294 64 55 343 
Eggs n 105 85 543 123 103 642 
Chicks n 39 6 106 55 38 431 
% Eggs hatched 37 7 20 13 45 37 67 
Chicks hatched/pair 0·6 O· l 0·5 0 ·9 0·7 l ·3 
Chicks fledged n I I 13 . 23 23 262 
% Chicks fledged 2-6 16·7 15·1 41·8 60·5 60·8 
Chicks fledged/pair 0·016 0·02 0·04 0·36 0-42 0·76 
% Chicks/egg l·O 1·2 2·4 1·2 18·7 22·3 40·8 
Table 3, Breeding success in Adelies and chinstraps in Lishman's 
(1985) st udy and control colonies, 1980/81 and 1981/82 <p. 91) . 
18 
46·5 
30 
18·5 
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unwittingly causing the low breeding success, his periodic physical 
interference only serving to confirm the birds' association that he was, 
indeed, one of those creatures. 
If Oelke's handling affected ?irds which had already undergone learning 
experiences with people, it is undetermined whether his intrusions affected 
naive birds . He reports no significant difference between the number of 
chicks per pair in his total study group and those in groups drawn at 
random from the rookery . However, this comparison was made with counts from 
the very beginning of creching Cpp.387, 390): The difference between groups 
on transects A and B was not apparent at this stage, and did not become 
significant until chicks were fledging (Table 2). 
Lishman (1985) reported that daily visits and regular handling of eggs and 
chicks in Adelie and chinstrap colonies severely affected breeding. Adelies 
hatched 15% fewer eggs, fledging 31% fewer chicks, and chinstraps hatched 
13% fewer eggs, fledging 1. 2% fewer chicks compared with control groups 
visited only thr ee times (Table 3). These effects became dramatically worse 
when Lishman repeated his activities the following season, probably causing 
disturbance by ~irture of both past association and present action. In the 
second season Adelies hatched 18% fewer eggs, fledging 47% fewer chicks, 
and chinstraps hatched 30% fewer eggs, fledging ,19% fewer chicks than 
control groups. 
Handling of nesting birds or their offspring may, therefore, produce a 
reaction which results in lowered breeding success. It seems that something 
unique about these stimuli causes a learning process which may endure over 
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seasons and by which, as with the synergistic congener effect, response 
amplifies with greater exposure. 
However, research by van .Heezik and Seddon (1990) on African penguins 
Spheniscus demersus indicates that the presence of people does not always 
have the same stimulus value. The reactions of the birds they studied are 
highly relevant to those of Antarctic penguins. They worked on Dassen 
Island, a nature reserve run by one warden where unauthorized landings are 
prohibited, so birds were unlikely to have been exposed to many people. 
Penguins in warmer latitudes living amongst vegetation tend to be more 
'flighty', disappearing into undergrowth or bushes (Stonehouse, pers. 
comm.>, which Antarctic penguins cannot do, and as moulting or resting 
groups on the beach (i.e. penguins without chicks), their subjects had 
little reason to not flee if sufficiently provoked. They found that the 
very gradual approach of one person from 70m to 10m, stopping at 10m 
intervals . for two minutes, induced few penguins to move away. The 
predominant response was alert or agitated behaviour and cessation of pre-
stimulus lying and resting. 
Furthermore, these responses were amenable to habituation. Groups 
approached to 10m twice daily over three months showed the lowest ratio of 
alert/agitated to normal behaviour, f ollowed by a group which had been in 
the vicinity of daily human activity. Three groups on other parts of the 
island, far from human activity, showed the highest incidence of 
alert/agitated behaviour, as is td be expected to the appearance of a novel 
stimulus at close range, in the absence of prior experience to indicate its 
innocuity. 
The specific responses which resulted in lowered breeding success in 
Oelke ' s (1975) a.nd Lishman' s <1985) birds cannot be identified from these 
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reports. However, one can deduce that scientists' acti vit ies had a strong 
effect on their subjects, whereas van Heezik and Seddon's (1990) penguins 
seem only mildly disturbed. Thus, to an Antarctic penguin, human approach 
to a certain distanc~ may well be a stimulus totally different fro~ and 
much less disturbing than, handling. 
4.3: The human approach model: A proposed explanation of Antarctic penguin 
interpretation of human behaviour 
Let us begin with one penguin and assume that it has not seen a person 
before. The person is 20 to 30 metres away. The bird has no stimulus 
template for this person. It corresponds to nothing in the bird's 
experience. Leopard seals, the penguin's main predator, rarely attack on 
land where penguins may wander quite close to them <Halle, 1973). Their 
only terrestrial predators are flying birds which mainly attack small 
chicks and eggs, so an adult penguin without young should have no cause for 
alarm. At this distance, the person will probably appear small , perhaps 
about the size of another penguin, although it may be obviousl y different, 
given its pattern of movement or its colouring. Some birds might approach 
to investigate, and finding an object which is big but does not appear 
harmful, they may lose interest. Perhaps much of what visitors find so 
endearing is actually displacement behaviour - such as the Adelies which 
ran up to Halle <1973), sometimes running away again, sometimes falling 
asleep on the spot . His description of such birds echoes this 
interpretation: "It may seem at a loss to know what to do next" <p. 60). 
Thus, a mobile penguin may be prompted into action, but nesting birds are 
likely to be affected too. Having discerned the new stimulus , a nesting 
penguin probably experiences a HR increase. This is not an automatic sign 
of undue stress, merely an indication of general arousal, which occurred in 
domestic hens in response to any change in stimulus conditions, including 
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the delivery of food (Jones et.al, 1981) . Another response to a new and 
possibly threatening situation is the cessation of activity. This is a 
common initial sign of fear (Manser , 1992), and as described above (3. 1, 
3.2, 4.2), seems to indicate alertness or mild apprehension in penguins . 
These responses represent disturbance but are likely to be amenable to 
habituation as repeated exposure indicates that this unusual stimulus is 
harmless. 
As the person starts to approach the stimulus configuration changes. The 
object appears to increase in size. The ~losing distance between bird and 
human is very different from that ensuing from a penguin approaching a 
person. Lack of control over surroundings is anxiety inducing in animals 
and, under extreme conditions, can lead to maladaptive conditions such as 
learned helplessness (Maier and Seligman, 1976). At some distance, the 
human will cease to be a neutral or mildly worrying stimulus and, by virtue 
of its approach and closeness, become threatening. This point (the danger 
threshold distance-DTD; Appendix 3) should be identifiable by an increment 
or change in response. Wilson et . al (199 1) have identified some relevant 
behavioural changes . They approached 35 birds <which they had not 
pr e vi ously approached ) at various stages of the breeding cycle and found 
mean critical distances at which birds would f lee: 6. l m for birds with 
large chicks, 1. 3m for birds with small chicks, and O. 3m for those with 
eggs . As they argue, the critical distance seems to be i nve r sely related to 
t he brood' s chances of survi val if lef t alone. Thus, the discrepancies 
between these behavi our t hresholds probably r e present the bird's cost-
benefit ana l ys i s of it s investment ve r s us the threat to itself. This 
corroborates an earlier comment by Sladen (1956) that newly arrived 
Antarctic penguins are more likely to flee nest sites in r espons e to close 
approach, whereas a bird which has built its nest and established a 
territory will stand and fight. 
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Direct approach (i.e. without pauses) seems to evoke a different reaction 
from gradual approach. Whereas few of van Heezik and Seddon's (1990) birds 
moved away in response to the latter procedure, approach at a slow but 
steady pace could induce departure in up to 75% of a group. A steadily 
approaching unknown stimulus gets bigger and closer much more quickly, 
which is more threatening as the animal has less time to react. Indeed, 
increases in speed of approacn can lead to an earlier, more drawn out and 
more extreme heart rate change in herring gulls Larus argentatus <Ball and 
Amlaner, 1979) and Adelie penguins (Culik et. al , 1990). Murphy has 
suggested that penguins are not capable of rapid visual adjustment (Sladen, 
1956, p. 43); if true, this makes it all the more likely that they would 
react dramatically to a rapidly approaching unknown object. That the speed 
is the key variable rather than anything inherent about humans is supported 
by the fact that the effect of van Heezik and Seddon's (1990) direct 
approach was only mildly curtailed by previous innocuous exposure to 
people: 75% of birds in the group regularly visited were still induced to 
flee, but just at lesser distances than naive groups. 
Once the person is sufficiently close, it may begin to handle the nesting 
penguin. A wealth of evidence supports the above assertion that handling is 
a stimulus distinctly different from other human behaviour. Oelke (1975, 
p.378) stopped trying to weigh Adelie chicks because of the "severe 
disturbances" which this activity produced. Piatt et.al (1990) found that 
fledging success of least auklet Aethia pusilla chicks was significantly 
reduced in nests in which chicks were measured every few days . From 16 
plots of 200m2 each, 38% of the chicks that died or disappeared were those 
they had handled. Hughes and Black (1976) report that domestic fowl 
produced the fight or flight response when picked up, some birds attacking 
the handler, others trying to flee. Even in these birds presumably used to 
the presence of people, handling produced strong responses in those 
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unaccustomed to it. After two days of being caught in a group, held for a 
few seconds, and then returned to the cage, egg production decreased by 
10. 6% and defor mations were evident in the shells of eggs laid. These 
deformations even appeared in the eggs of birds accustomed to handling, the 
result of stress-induced shell gland contraction at a stage of egg 
formation when calcification is not yet so advanced as to withstand 
muscular pressure. 
To pick up or remove an egg or chick is, to an Antarctic penguin, 
established predator behaviour. Picking up an adult is life- threatening 
and, therefore, also predator behaviour, which is all the more distressing 
for being a threat not previously experienced on land. Because of this lack 
of precedent, threatening behaviour by the new, large predator will have 
particularly rapid and long-lasting learning effects\ influencing 
subsequent response to human behaviour (Appendix 3). 
The potentially serious nature of response to this predator behaviour is 
illustrated by Boyd and Sladen (1971) who monitored changes in internal 
temperature following handling. Unlike HR increase, temperature increase is 
not an irrunediate response of the autonomic nervous system; it involves mor e 
metabolic processes and takes longer to become appar ent . However, a penguin 
exhibiting increased temperature is definitely burning more energy. This is 
a clear sign of detriment to the healt h of a fas t ing penguin. 
1, This phenomenon is known as one trial learning, An analagous situation occurs 
~h~n I p®rton ii put off airoplane trips for life because his or her first flight 
comes close to disaster , 
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Boyd and Sladen (1971) captured incubating Adelies and chicks and implanted 
telemetric devices in their abdominal cavities. Such implants may well be 
painful after recovery from the operation (Manser, pers.comm. ). Thus , 
capture, removal, and replacement in .an unwell state (or so it may feel to 
the bi r d) constitute the first learning experience with humans . 
I t is surprising that one such individual showed no measured physiological 
change to further approach and tail lift, but individuals will vary in 
response. Another adult was "visibly disturbed" Cp. 373) by the capture of a 
bird two metres away, and its temperature increased by 0. 4°C. Unlike the 
penguins described by Scott (1968), this individual had first hand 
experience of the predator, and may have been anticipating capture. Heise 
(1989) reports that HR of mallard duck Anas platyrhynchos was always higher 
during human approach than retreat, and Hughes and Black (1976) mention 
signs of agitation in hens in the line to be handled next, which were not 
apparent in those already handled. The greatest effect was produced in an 
adult which was twice handled for weighing in a 30 minute period: its 
temperature increased by 1. 2° C and averaged l ° C higher than before handling 
for the next four hours. 
4.4: Application of the human approach model to initial contradiction. 
Let us reassess the conclusions of Culik et. al (1990) and Wilson et.al 
<1991). Culik et. al (1990) took an incubating Adelie from its nest. 
Protecting its eggs, they handled it for 10 minutes, attached an 
electrocardiogram CECG) with safety pins and wires, and then re leased it to 
return to its nest. Its heart rate was "high" Cp. 178), decreasing to a 
steady level within 60-90 minutes. Once one experiment was completed, they 
removed the ECG and attached it to another penguin, repeating this process 
to involve five incubating adults in a colony of approximately 50 pairs. 
Within 24 hours of each manipulation, a single person approached the 
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penguin. In fact, it appears that nine approaches in all were made to the 
five birds (p. 179), so four animals experienced two approaches in 24 hours . 
The second approach was probably more anxiety-inducing than the first, 
given that all animals had by then experienced the person as a predator, 
some had been subjected to it coming close and interfering with neighbours, 
and all had experienced another direct approach. The average of results 
obtained showed that by the t~me the person stopped three metres away HR 
had risen by 48%. This is to be expected, as is the finding that HR 
response to this new, more fearsome predator was greater than that to 
sheathbi lls. 
Wilson et . al (1991) similarly removed two incubating Adelies from their 
nest, operated on them, and returned them to their protected eggs within 
one hour with a telemetric device implanted in their chest cavities . The 
birds subsequently were not handled and continued to breed apparently 
normally <N. B. Culik et. al, 1990, report "very low'' breeding success in 
experimenta l birds although they seemed to be breeding normally <p. 181)), 
However, the researchers did other work in the area for the next month. 
Presumably , they waited for this month to maximise time between initial 
manipulation and trial , and they used a bird which was nesting five metres 
from the hut and which, they argue, should therefore have been habituated. 
A single person ~lowly but directly approached the bird from 50 to four 
metres, by which time its HR had increased by 78% from a resting rate of 
76bp~ Subsequent (re)capture of the bird by th~ predator caused its HR to 
increase to a staggering 287bpm, a rise of 278%. In discussing the results, 
they argue that the radical HR changes obtained are unlikely to be specific 
to implanted birds, as subjects behaved apparently normally. This is 
surprising given that Wilson et.al (1990b) and Wilson et . al (1989) found 
that Adelies which had been manipulated and fitted with devices were 
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strongly affected by the devices, but did not emit aberrant behaviour in 
the presence of researchers. 
In both studies, the human made a di r.ec t approach to birds, so a 
significant HR increase is to be expected anyway. The point is that the 
magnitude of increase measured is the magnitude relevant to a predator 
larger and more threatening ~han the traditional skua or sheathbill. To be 
fair to Culik, Wilson and colleagues, it is easy to interpret the results 
in the dramatic way which they and those who quote them do <e.g. Manheim, 
1990; Appendix 2). Our system of categorization of the environment readily 
makes the leap between a gigantic HR increase in response to approach by a 
person, and the supposition that a tourist or scientist 15 metres away 
invokes great stress. But animals have a different perspective of their 
environment . We must recognise that two actions which we see as equivalent 
may be worlds apart through a penguin's eyes. From the human approach model 
it should be clear that a predator recapturing a bird and first-time 
exposure to a scientist or tourist sitting quietly 15 metres away are, 
indeed, worlds apart. 
Ball and Amlaner (1979) and Heise (1989) also provide e xamples of HR 
changes during predator response in birds <Appendix 3) when directly 
approached by a _human. As predicted by the model, both studies report no 
habituation over the limited number of trials. Animals do not habituate to 
predators, even learned predators if the learning experience was strong 
enough, or if the objects in question continue to behave l ike predators. 
Continued exposure should ac tually make the response worse. This is what 
seems to have occurred in Oelke (1975) and Lishman (1985). 
One final point is that Wilson et . al 's (1991) implanted birds did produce 
normal chicks . Thus, the stress involved in one or two isolated contacts 
r: 
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with the predator, and exposure to it at a distance over the month, were 
not sufficient to prevent breeding. Penguins regularly manage to breed in 
t he pr esence of other predators. The important aspect is determining how we 
affect Antarctic penguins so that thi~ knowledge will enable us to avoid 
affecting them. 
As for the contradiction between Wilson et. al's (1991) report of enormous 
commuting penguin deviation in response to one person 20 metres away, and 
that of others who describe penguins approaching them: a single penguin 
running up to a person is a single penguin running up to a person, but a 
deviating penguin is one in a group following other penguins. To induce all 
commuting penguins to deviate, it is only necessary that some birds start 
the trend. Birds, for example, that have reason to fear the person. Wilson 
and colleagues were at Esperanza to carry out "physiological and 
ecologi cal" wor k <p.363) and may have created a number of such penguins. 
This explanation that birds were reacting to each other and not the human 
is supported by the fact that detouring continued for at least four hours 
after the person left . 
4. 5: Othe r var iables whi ch affect the interaction 
The human approach model describes interaction between one person and one 
penguin. Yet , ai illustrated many times here, penguins affect each ot her ' s 
behaviour . According to van Heezik and Seddon (1990), the smaller the size 
of previously undisturbed penguin groups, the more tolerant they were of 
human approach . This result is in the direction suggested earlier (3. 4 ) but 
the response-modify i ng effects of penguin group si ze r equire furthe r 
invest i gation. Si milarl y, ther e may be sever al predator s or 100 unknown 
objects wandering around a rookery. More than one person present will 
probably represent a new kind of stimulus, producing a unique reaction and 
not merely an intensified version of the response to one. Ollason and 
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Dunnet (1980) found that breeding success in the fulmar Fulmarus glacialis 
was significantly lowered when 12 observers were present for three to four 
days during hatch ing, but not when two to six observers were present for 
two to three weeks during laying. Several variables are confounded here, 
and the response to this stimulus configuration is likel y to be different 
from a summation of the responses to each individually. 
4.6: Summary and implications 
An Antarctic penguin has no natural stimulus template with which to 
interpret the approach or behaviour of a person. Contrary to intuitive 
expect ations, penguin reaction to humans is not determined by a few factors 
which are inherently present in any human-penguin contact . As suggested by 
the work of Nimon and Dalziel (1992i 1.5), it appears that penguins respond 
differently to the different st imulus aspects embodied in the range of 
human behaviours emitted near them. One such stimulus aspect is the speed 
at which a human may approach. Other st imulus aspects emerge during 
approach and handling. 
A person some distance away is a new, mildly disturbing addition to the 
environment. At some stage during a gradual approach, it crosses the danger 
threshold distance <DTD; identified by a change in penguin response), at 
which point it is large enough and close enough to be threatening. Wilson 
et.al (1991, p.368) a r gue that the physiological stress induced by approach 
is the same for all nesting birds, and only the subsequent emission of 
fleeing behaviour vari es according to current breeding investment . Thus, it 
might be possible to measure a threshold of physiological stress response, 
indicating the DTD, at a r easonabl y consistent person- nesting penguin 
distance. Alternatively, the actual distance at which a person becomes 
threatening may vary with breeding stage, for example, a bird with eggs 
might show signs of alertness, cessation of activity, HR increase , or ot her 
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responses, at a greater person-penguin distance than a bird brooding large 
chicks, as well as differences in subsequent overt reaction. A bird with no 
offspring will probably retreat as soon as an approaching person becomes 
threatening, but with less impetus to ,be wary, will probably tolerate 
approach to a closer distance before the DTD is reached. The DTD probably 
varies with species and individual also. 
Repeated exposure to harmless persons beyond the DTD, particularly if aided 
by the constancy of other factors - such as clothing colour, behaviour , 
sounds - should lead to habituation in which the DTD should decrease, 
probably to a certain minimum limit . However, the practical ramifications 
of habituating birds are difficult. 
To habituate to a stimulus an animal must be regularly and reliably exposed 
to that stimulus in the absence of any adverse consequence. A small group 
of people in the same place at consistently spaced intervals might achieve 
this, but tourist visits would have to be properly coordinated, and 
tourists would have to be very well schooled to ensure that their behaviour 
maintained the appropriate stimulus aspects . Habituation would not occur if 
people were acting according to their own varying interpretations of 
harmful behaviour towards a penguin~ 
If a person catches or handles a bird, or eggs or chick, the penguin 
involved learns that people are predators . This learning experience will 
modify subsequent response to humans. There may be a series of new 
thresholds: with regular exposure to people behaving as predators, penguins 
will become more adept at identifying them, thus responding (at least with 
alertness) earlier. A penguin which sees a predator will also respond more 
intensely than a naive bird to a person at the same distance. Predator 
learning is likely to endure. 
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Wilson; Culik and colleagues have attempted to cont r ol as many variabl es as 
possible, and their work is careful and well-informed. Many of the problems 
in their inter pretation suggested here are caused by the use o f a 
t echnol ogy which has been hailed by many as a brilliant way of avoiding 
int erf e r enc e with ani mals (see Amlaner and Macdona ld, 1979) . But their two 
single season studies, one of which was merely opportunistic, do not 
comprehensively and conclusively r~present interactions between Antarctic 
penguins and nearby people, and do not justify attacks on the apparently 
unscrupulous met hodology of Trivelpiece (Appendi x 2 ) , and Oelke (Wilson 
et.al, 1991, p. 368). Their recommendations - that people remain at least 30 
metres from nesting penguins, and 100 metres from commuting penguins 
"unless absolutely necessary" (p.369, Appendix 7) - are prematurely 
formulated . A penguin may not even be able to see a person until it is much 
closer. Only further research can determine what the distance value of the 
DTD a nd ot he r thres hol ds may be. 
CHAPTER FIVE: 
METHODS 
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THE EFFECTS OF SCIENTIFIC 
ON PENGUIN BEHAVIOUR 
The arguments of the last chapter suggest that close approach , handling and 
manipulation of penguins have the potential to af f ect the birds ' welfare 
and subsequent beha viour in the presence of humans. This chapter develops 
these ideas in relation to th~ unique problems posed by scientific study. 
It examines the relative disturbance induced by various methods , seeks 
alternative procedures which may have less effect , and discusses the 
implications of the evidence presented for our knowledge of the natural 
behaviour of Antarctic penguins. 
Antarctic penguins are studied not only for their intrinsic interest but 
also because their adaptations to extreme conditions inform our general 
understanding of life. Penguins are crucial components of the Southern 
Ocean marine ecosystem, and the Scienti f ic Committee of CCAMLR uses 
information on thei r populations as a basis for conservation (CCAMLR, 
1985). CCAMLR (1988) r ecommends standard methods for monitoring populations 
whi ch attempt to ensure that" ... the monitoring activities themselves will 
not induce any excessive disturbance of the animals or give rise to biased 
results" (p. 1) . 
Yet, as demonstrated, e ven seemingl y harmless human activities may subtl y 
affect Antarctic penguins, and techniques for the capture, weighing, 
sexing, diet analysis, marking and biotelemetric measurement of penguins 
are often inherently invasive. Widely used procedures, including those 
selected by CCAMLR (1988), can lead to results which are scientifically 
questionable and ethically unacceptable . 
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5. 1: Invasi ve t echniques invol vi ng handling - capture , sexing , weighing and 
diet analysis 
Scient i st s conducting physiological experiments on penguins may neglect to 
mention the capture and confinement of birds amongst their procedures , even 
when subsequent operations are scrutinized for reliability (e . g. Boyd and 
Sladen, 1971) . Yet, both penguin welfare and research results can be 
significantly affected. Noting recent interest in the effects of fasting on 
metabolism and hormone levels in emperor penguins, Groscolas and Leloup 
(1989) dete r mined that the captivity imposed on experimental birds could 
seve r ely a f fect these parameters. They captured, transported and penned 16 
emperors. Taking single samples from each bird, they found that captivity-
induced stress had an inhibitory effect on thyroid function . They also 
f ound an incr ease in plasma triiodothyronine levels the day after 
confinement "in par allel with a r ise in daily body mass loss" <p. 108), 
which was attributed to an increase in restlessness. 
The problem with this e xplanation is that measurement of weight change had 
to come f r om birds which were handled regularl y for weighing. Recalling 
Boyd and Sladen ' s (1971) finding of an increase i n internal temperature 
following weighing, r estlessness alone ma y not a ccount f or weight loss in 
these birds. Furthe r mor e, predator learni ng was r egularly rein f orced 
thr ough handling, thus the me r e pr oximi ty of humans was proba bly mor e 
a nxiet y-i nducing fo r t hese bi rds than f or those s ubject ed t o onl y i ni t ial 
capture and a single blood sample. It is likel y -t ha t these expe r imental 
birds lost weight at a greater rate than the others. Thi s is a seemingly 
inescapable paradox: even attempts to measur e the effects of sci entific 
methods will be biased by measurement . 
Evidence from several bird studies suggest s that i t is possible t o 
eliminat e the predat or response in chi cks if t hey are r emoved from parents 
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at an early age and handled regularly (Hughes and Black, 1976; Jones and 
Faure, 1981; Heise, 1989; Culik et . al, 1991) . The behaviour of such chicks, 
hand-reared by humans, would not represent that of wild penguins. However , 
this might be a way of conducting less biased physiological experiments, 
provided that the parameters in question were not very strongly associated 
with environmental or social cues. It is not clear whether or not this 
habituation would remain as the ch-ick matured (it does not in dometic hens; 
Hughes and Black, 1976), and researchers should reconsider the necessity of 
experiments which would inflict this disturbance on Antarct ic penguins. 
There are several ways in which it might be possible to avoid or limit the 
effects of invasive procedures for determining sex, weight or dietary 
intake of Antarctic penguins. 
Observational techniques sometimes offer an alternative. One unequivocal 
method of sexing these monomorphic birds is cloacal examination (CCAMLR, 
1988; Trivelpiece et. al, 1990). However , Ainley et.al (1983, p.20) list 
several behaviours which they consider equally reliable indications of 
gender, such as copulation position, and clearly discernible treadmarks on 
the back of the smaller member of the pair , in conjunction with a normal 
incubation routine. Certainly, observational techniques take more time, and 
it is possible tnat these behaviours might not be witnessed by observers. 
However, in certain circumstances, researchers may be able to avoid sexing 
altogether. In describing procedure Al. 1 f or obtaining weight and sex as 
penguins arrive at breeding sites, CCAMLR (1988, p. 15) recommends 
increasing sample size as an alternative to sexing birds. This augments the 
chances of measurements falling neatly into a clear division. A brief 
report in Nature (350, 305: 1991) describes a plan by Knowles Kerry to 
build a concealed weighbridge on a path which penguins must cross to reach 
their colony. With such an instrument, researchers might be able to measure 
-. 
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parameter Al. 1 without any physical interference at all (although it is 
unclear how one bird would be measured at a time, and the accompanying 
figure depicts a human "custodian" of the weighbridge). 
Technological innovations might also allow unobtrusive weighing of nesting 
birds. Sibly and McCleery (1980) designed a balance from which remote 
readings can be made, and advise arranging it beneath the bird's nest. 
Prince and Walton (1984) designed such a system for weighing albatrosses 
which they attach to artificial nests. Many species of birds will shift to 
artificial nests if they are placed at their habitual sites (Poole and 
Shoukimas, 1982), and it might be possible to provide such nests for 
penguins prior to their arrival, thus allowing automatic weighing whilst 
avoiding any interaction. Whether penguins would adopt nests which they 
have not made themselves is a matter for further research. 
It is difficult to imagine how diet analysis might be made via non-invasive 
procedures. While the traditional method of obtaining samples was to kill 
the birds , now non-lethal techniques, such as emetics and stomach pumping, 
are considered (Montague and Cullen, 1985) . They are still strongly 
invasive, involving catching, holding and manipulating birds in ways that 
cannot fail to induce trauma . Emison ' s (1968) original stomach pump easily 
becomes blocked, - and emetics may have no result, or may even cause death 
(Croxall and Prince, 1980; Montague and Cullen, 1985). The method 
recommended by CCAMLR (1988) , Wilson's (1984) stomach flushing technique, 
obtains samples by pumping water into the base of the stomach and up-ending 
the bird. This is undoubtedly distressing, but the method can be used by 
just one person, an improvement on techniques requiring at least two to 
restrain the penguin (e. g. Randall and Davidson, 1981), and it is 
efficient, so that repeated interference is not necessary (although not all 
have found it practical; Montague and Cullen, 1985) . 
, -- • 
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When procedures are necessarily invasive, one can at least reduce harmful 
effects by choosing the most appropriate phase of breeding. Although chicks 
are deprived of food when their parents are stomach pumped, large chicks 
are probably better able to cope with the loss than brooded chicks 
(presumably for this reason, CCAMLR (1988) recommends that food samples are 
taken from adults during the creching phase). One should also question 
whether the utility of results justifies disturbance, although diet 
analysis is a high priority component of CCAMLR's Ecosystem Monitoring 
Pr ogram. Subsequent behaviour in the presence of humans is likely to be 
affected, and these birds may be spoiled for studies of natural behaviour 
which require that researchers sit within a distance at which they are 
identifiable. 
5.2: Marking for recognition 
Recognising individuals is generally an essential component of any 
systematic field study of animals <Delany, 1978). Although this can 
sometimes be accomplished by recording individual variation in morphology 
(e. g. dif f erences in bill pattern; Scott, 1978), there do not appear to be 
any r ecords of such methods used in relation to Antarctic penguins , and 
their monomorphism, combined with the dense groupings in which they breed, 
renders artificial marking necessary. 
Short term marking of birds is often achieved through the use of brightly 
coloured dyes (Tickell, 1968j Ainley et. al , 1983j Robertson, 1990). 
However , colour is a complex stimulus important in many aspects of bird 
behaviour (Patterson, 1978j Cott, 1985), and Antarctic penguins are 
patterned in very specific ways . It is questionable to assume them to be 
indi f fer ent to human- induced changes in this patterning (Wilson et. a l , 
1990b). 
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Suspecting that colour of attached packages would affect Adelie penguin 
behaviour, Wilson et.al (1990b) experimented with black, white, blue, red 
and yellow packages affixed to birds' backs with tape. Having attached peck 
activity recorders (Wilson and Wilson, 1989) to these packages, they found 
that significantly more high pressure pecks were given to those which did 
not match plumage colour . As the white belly and black back of penguins may 
be camouflage against seals above or below them <Murphy, 1959; Ackerman, 
1989), it seems likely that any affront to this pat tern would be 
disturbing. The exception to this finding was that .red packages (as well as 
black) were pecked significantly less than the other colours. 
Wilson et. al (1990b) cite Bowmaker and Martin (1985), suggesting that 
penguins are insensitive to light of longer wavelength. The latter found 
that red-sensitive receptors were absent in humboldti penguins Spheniscus 
humboldti and concluded that birds should be capable of good wave-length 
discrimination in the blue-green region of the spectrum, but incapable of 
any discrimination above 550 nanometres. This seems to be an adaptation to 
life in oceanic and deep coastal waters , where there is little light in the 
spectral region beyond 575nm. Given the ocean-bound lifestyle of Adelies 
there is little reason why they should be able to discern red either . If 
confirmed, this would be a useful find i ng as it suggests that researchers 
may be able to squirt red dyes on Adelies, possibly from some distance, and 
that neither birds nor leopard seals may be able to see it. 
However, this is unlikely to be true of king and emperor penguins which 
have golden/orange colouration on their necks and purpl e/red bi l l plates. 
There is some evidence that their colouring i s an ai d t o int e r specific 
recognition <Murphy, 1959), and birds on which the orange pa tch i s 
overpainted appear to have difficulty in forming pairs (Stonehouse, 1960, 
p. 28; Jouventin, 1982, pp. 98-99). Birds which use colour markings in pair 
----• 
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formation will be differently affected by colour alteration from those , 
such as green-dyed Adelies, whose underwater camouflage may be ruined. 
Burley et.al (1982) found that zebra finches Poephila guttata preferred 
partners with leg bands the same colour as the other sex's plumage above 
unhanded birds, and showed avoidance of those whose band colours differed 
greatly from plumage colour. This suggests that band colours accentuated or 
attenuated naturally occurring coLour signals. Thus, marking king or 
emperor penguins with red or orange dye may significantly affect the 
penguins' social interactions <Fi gure 13). 
Another implication of these suggestions is that they compliment the 
hypothesis (4.3) that a person in a red jacket <of the kind generally 
dist ri buted by Antarctic tour companies) 15 metres away may appear small ; 
he or s he may also be the same colour as the back of another penguin to an 
Adelie. On the other hand, tourists to king penguin colonies may 
unwittingly be having other effects (see Figure 14). 
Numbered bands of metal or plastic are used f or more durable marking (e.g. 
Sladen and Penney, 1960; Figure 15) , and would seem to be irreplacable in 
providing long term demographic and individual information. Bands around 
the base of the flipper can be seen at a distance, much to the delight of 
ornithologists seeking humane methods of recognition marking (e.g. Spencer, 
1978) . 
Yet, evidence from Cape Hallett, where humans disturbed penguins over the 
16 years for which the station was occupied <Wilson et.al, 1990a), suggests 
that banding may have severely deleterious effects on Antarctic penguins 
when combined with other forms of intensive scientific study and, perhaps, 
station activity. 
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Figure 13. Painting penguins. Dye is used as a temporary method of marking 
penguins for recognition, but the changed appearance may affect birds' 
soc i al interactions (Robert son (1990), p. 91). 
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Figure 14. Possible effects of colour. Tinbergen (1953) describes 
a male stickleback behaving as if trying to attack a red post office 
van, for red is a sign stimulus for aggression in these fish. Bright 
orange is an important signal in king penguin pair formation 
(Stonehouse, 1960; Jouventin, 1982). Whichever approached the other 
first, this man may be evoking stimuli of which he is unaware. 
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Figure 15. Penguin flipp e r bands. 
A. 1958 des i gn for e mperor pengui n, i) fir::::t shaping, ii) second 
s haping, iii) shaped around flipper, iv ) final pos ition. 
B. 1959 design for emperor penguin, i) strip as suppli ed, ii) 
f inal position around flipper. 
C. 1958 an d 1959 des ign f o r Adelie and c hi ns trap penguins, i ) t he 
s trip supplied in 195B, cut to correct l e ngth , ii) the pr e-::::ha ped 
band supp l ied in 1959, iii) - iv) fina l posit i on around fli pp er, v) 
pl i ers f or shaping CSl aden a n d Penney ( 1960) , p . 80) . 
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Reid (1968) reports that of nine Adelie penguin subcolonies banded and 
fervently studied from 1958/59 still undisturbed by station activities in 
1962/63, six had declined by more than 90% in 1964/65. The sites of 15 
other subcolonies remote from the station but also banded in 1961/1962 were 
identified by Wilson et. al (1990a) in aerial photographs taken from 1981 to 
1987. One subcolony was abandoned, - one supported a single nest, four had 
declined by 70% by 1981, and the total population of the other nine was 
less than 10% of that in 1962 . There were substantial declines in many Ross 
Sea Adelie populations over the mid-to-late sixties (Taylor et. al, 1990), 
but it appears that banding at least contributed to the demise of these 
groups, as 15 control subcolonies close to them had decreased by only 40% 
between 1962 and 1981 <Wilson et. al, 1990a). 
Cranfield et . al (undated, cited in Wilson et . al, 1990a) shed further light 
on the effects of disturbance at Cape Hallett. They divided the colony into 
nine zones and followed population changes from 1960/61 to 1964/65 . The 
colony as a whole declined by 13.5% over this period, but the changes per 
subcolony var ied greatly. Increases of between 11. 9% and 57% occurred in 
zones that were least disturbed, decreases were found in those colonies 
identified by Reid (1968), and those closest to the station or roads , which 
declined by up to 40%. They also found a 33% decline in adults banded but 
not subjected to further study. This is approximately the proportion (26%) 
of banded breeding Adelies which Sladen and Penney (1960) lost between 
seasons. Similarly, Ainley et. al <1983, pp. 191-192) found mortality was 28% 
higher in Adelies during their f i rs t year after banding than that of birds 
with older bands. They suggest this results from complications in blood 
flow when the wing swells during moulting, and that induced mortality would 
occur only once, during the young Ade li e's first moult. However, the 
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mortality which they report occurred in birds four to seven years old which 
had been rebanded. 
What processes might explain these findings? Banding can induce mortality 
in some birds, as found by Ainley et.al (1983), but this is unlikely to be 
the sole cause of declines. From the arguments developed here, we would 
expect that close study of breeding penguins which had previously been 
handled would be traumatic for birds, but this explains neither the 
magnitude of declines, nor apparent decreases in those not subsequently 
studied. Perhaps ther~ is something particularly distressing for a penguin 
in having a person change its morphology during handling, leaving a long 
lasting consequence of the threat which such a predator embodies, and 
altering a form which is ideally adapted to underwater manoeuvrability and 
camouflage (whether or not the alteration affects these things) . Wilson 
et.al (1989) cite psychological distress to explain why brooding Adelies 
which had one centimetre clipped from their tail feathers took 50% longer 
than unmarked birds on their next foraging trip (the only one measured). 
Some breeding adults may be induced by banding to desert established 
grounds and breed elsewhere, this impetus being even stronger in those 
subjected to further intensive studying. Members of the United States Bird 
Banding Program found banded birds exchanged between neighboring rookeries, 
and although they recovered few bands from penguins in different areas, 
Sladen et. al (1968b) suspected that many more exchanges were occurring than 
those detected: "every team member searching diligently for banded penguins 
in a new part of the Ross Sea area has found some" Cp.226). Furthermore, 
migrations may remain undetected if destination rookeries are not visited 
or are unknown (Taylor et.al (1990) recently discovered 11 previously 
unreported rookeries in the Ross Sea region). Wilson et.al ' s (1990a) 
evidence that the population of banded Cape Hallett colonies remained low 
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suggests that established breeders may have set themselves up elsewhere 
permanent 1 y. 
These results relate to adults breeding in an established territory. 
Banding chicks may produce different results, as their learning about their 
environment is less firmly established, and they may get used to a tag or 
band. Ainley et.al's (1983) suggestion that physical aspects of the band 
may cause mortality amongst a proportion of birds in their first 18 months, 
and may not subsequently greatly affect survivors is plausible. Perhaps 
Richdale's (1957) finding that about 85% of yellow-eyed penguin Megadyptes 
antipodes (banded) chicks die in their first year or two is affected by 
such a process. 
Hill and Talent's (1990) methods may help those who must band Antarctic 
penguins to at least reduce disturbance to some extent. Their capture, 
banding and radio-marking of least terns Sterna antillarum athalassos and 
snowy plovers Charadrius alexandrinus nivosus was accomplished by setting 
traps for birds and placing a bag over their heads to reduce visual cues 
prior to handling. These processes reduce human contact with the bird and 
might result in an e ff ect comparable to natural interferences, such as 
change in morphology from wounds incurred during congener attack . Also 
taking the trouble to paint radio tracking devices to blend with plumage 
colour, they found no adverse effects of these processes on breeding 
success. It must be remembe red, however, that Ainley et. al (1983, p. 188) 
also found that productivity between banded and unhanded birds closely 
agreed. They fail to mention the 28% mortality in banded birds at this 
point. 
5.3: Packages attached to penguins 
Penguins spend ~ost of their time in the ocean where it is difficult to 
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measure the ir behaviour . However , remote monitoring packages, for example 
depth and speed gauges (Wilson and Bain, 1984a, 1984b) and biotelemetric 
devices, provide data about feeding a reas and fo raging movements at sea 
(Trivelpiece et.al, 1986; Croxall and .Davis, 1990; Sadleir and Lay, 1990) . 
Biotelemetric interventions have been welcomed with enthusiasm throughout 
the ethological and ecological world in general (see Amlaner and MacDonald , 
1979), hailed as a method for- the -"disturbance free measurement" of 
biological parameters (Kimmich, 1979, p. 3). 
Amlaner (1978) recognised that the revolutionary methods of biotelemetry 
might have some effect on the subjects, but he believed this to be a 
function of the size and weight of the attachment in relation to that of 
the animal. Fitting Adelies with packages ranging from three to 48 grams, 
Wilson et . al (1989) found a significant positive correlation between 
package s ize and the percentage of birds not returning from thei r next 
f oraging trip, wi th a maximum proportion of four out of seven birds missing 
after being fitted with a 48g device. However, others have failed to find 
such a simple relationship between device size and effect (e.g. Greenwood 
and Sargeant, 1973), and Gales et . al (1990) report only one of 13 fairy 
penguins Eudyptula minor failing to return once fitted with a 60g device. 
Those of Wilson et. al's (1989) penguins carrying the larger devices which 
s till returned took much longer than unmarked birds. They ma y have swum up 
to 5% slower due to hydrodynamic drag of instruments, but this alone cannot 
account for longer absences <p. 79). Croll et. al ( 1991 ) also found that the 
average foraging trip duration of instrumented chinstraps was longer than 
controls, but did not significantly protract with increases in device 
frontal area (hence, hydrodynamic drag) . Gales et . al's (1990) finding that 
instrumented fairy penguins ate as little as half the food of controls, 
while expending up to 80% of the energy (again, not consistently related to 
- 83 -
device size) suggests that manoeuvrability and, thus foraging efficiency, 
may have been affected by attachment of any device. However, trip duration 
was not a f fected, so neither reduced speed nor manoeuvrability seem to 
full y e xplain the extra time spent at · sea by Wilson et.al ' s (1989) Adelies 
and Croll et . al's (1991) chinstraps . 
Wilson et. al's (1990b) AdelieB pecked hard at attached packages while at 
sea, but this aberrant behaviour was never observed on land by attentive 
researchers . Animal preoccupation with packages after attachment is very 
common (Amlaner, 1978), thus, the authors' supposition that (instrumented) 
birds were too preoccupied with the presence of observers to peck is 
probably correct. Penguins would be traumatised by capture and attachment 
of a device, possibly even more so than birds subjected to sexing and 
weighing whose morphology remains unaltered. Despite finding that average 
duration of a single foraging trip was only protracted 'in Adelies wearing 
35g and 48g devices, there is evidence that Wilson et. al 's (1989) other 
experimental birds also behaved abnormall y. Average dur ati on may not have 
been affected, but five of the 20 birds fitted with 6g devices were away 
for as long as any , excepting those which did not return. Also, birds 
f i tted wi t h 3g devices spent signifi cantly l ess time than the ir pa rt ners at 
t he nest af ter the third changeover during brooding 1 • 
l, It is uncleal' if this is the first point at which such an effect would have 
become apparent, or whether no such effect occurred until this stage, That a) . 
the re was a pe riod around thi s t ime (1400 hours, 21 Dec ember to 0000 hours, 26 
December) during which nests were checked every four hours instead of daily, and 
b) the period after the third changeover is identified by authors as a time at 
which chick feeding required frequent changeovers (p,78), suggests the for mer, 
but then the difference between experimental and control groups is given in bird 
days rather than hours , 
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One possibility is that the predator response is involved. The distress of 
fitted birds is unapparent on shore, expressed as an acute awareness of the 
preda t ors and a lack of other behaviour in their presence. However, once at 
sea, penguins behave strangely. It is · likely that they engage in aberrant 
pecking, although this is not the only reason for long trips, given 
extended foraging in penguins following tail clipping (Wilson et. al, 1989). 
They are also probably affectBd bY- the physical properties of the package, 
as described above. But most importantly, like penguins discouraged from 
returning to shore by helicopter activity (3.3): the birds are scared by 
their predator experience. They may even be able to see the predators near 
their partners, as Wilson et. al (1989) checked their nests every hour or 
so. As would be expected, some take a long time to return, others desert 
the nest and do not return. Sadleir and Lay (1990) report the outcome of 
abnormally long foraging trips in nine Adelies wearing devices: two failed 
to return, the others either deserted or returned too late to save their 
offspring. Wilson et . al (1989) may have witnessed the same intermediate 
stages which resulted in breeding site desertion by banded birds. 
5.4: . Implications for studies of the natural behaviour of Antarctic 
pengui ns 
It is important to recognise that the conclusions drawn here may not apply 
to all studies i h which such methodology is used. The effects of banding, 
for e xample, may seem quite drastic, but Jouventin engages in mass banding 
of penguins and petrels and he has been working in the field f or 20 years 
CJouventin and Bretagnolle, 1990) . Furthermore, it seems that various 
s uggested s yndromes , s uch as strong pr edator r esponse to package 
att achment , a ff ect onl y a propor tion of bi r ds . One clear e xample i s f ound 
in Sadleir and Lay (1990, pp. 160, 168): Although nine of 17 instrumented 
Adeli es took abnormally long foraging trips and were unsuccessful breeders, 
the other eight appear to have been totally unaffected. It is not at all 
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clear what variables may determine or prevent susceptibility to various 
disturbances. 
What is likely, however, is that measurement and observation have affected 
conclusions about the ' natural ' behaviour of Antarctic penguins to an 
unrecognised and unquantifiable extent. 
Anthropocentric bias means that observer effects are not necessarily 
considered by researchers. Richdale (1957) saw it as essential that all 
colonies in the main study area were "worked thoroughly" Cp. 1) . Burley 
et.al (1982) report that when they found band colour dependent differences 
in zebra finches their immediate suspicion was that birds had been banded 
non-randomly. When observer effects are considered, this anthropocentric 
bias may influence judgements about them. Ainley et.al (1983) went to the 
trouble of conducting an experiment to see if their measurements affected 
Adelie breeding. One group was visited daily, another, weekly. At least the 
latter group (and possibly both groups) were not handled, and no birds in 
these groups were banded. Their statement that productivity of banded and 
unhanded birds closely agreed appears to have been based on a comparison of 
these groups <p. 188, 174), which may indicate that they considered daily 
visits to be basically equivalent to banding. 
Perhaps most disappointing of all is that seemingly very reasonable 
precautions may mean little, if the interpretations presented here are 
correct. For example, Wilson et. al (1989) stayed five metres away from 
nests when checking for the return of birds with packages, but the 
suggestion here is that the significant effect occurring involved the bird 
at sea, not its nest-bound partner. Oelke (1975) took great pains to sit in 
the same spot wearing the same clothes on each visit, but his attempts at 
habituation may have been thwarted by the past actions of other people, 
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rendering him a distressing stimulus with a negative influence on breeding 
success (4. 2). 
Banding, combined with an assortment of other invasive techniques, has been 
used as a basis for many of the major sources of information about penguins 
(e. g. Richdale, 1957; Sladen et. al, 1968b; Ainley et. al, 1983). Similarly, 
a variety of human-induced ef~ect~ could have biased any number of 
Antarctic penguins studies. One can scrutinize the methodology used in 
research articles for possible observer effects, b~t often the necessary 
information is not reported. So much more information about the effects of 
scientific activity could have been derived from the extreme events at Cape 
Hallett, but the reports of the time are typically very brief <e.g. Reid, 
1968), or unpublished (Cranfield et. al, undated, cited in Wilson et. al, 
1990a). 
Decisions about methodology and intervention in studies of Antarctic 
penguins are, therefore, decisions involving largely unpredictable and 
immeasurable risks to the health and natural behaviour of subjects. These 
decisions may even influence the outcomes of other studies taking place in 
subsequent seasons. The only way to tackle measurement effects is through 
general awareness, and a concerted and consistent research effort to 
clarify understanding. The best way to maximise the relevant information 
included in such research, and to provide a consistent framework for 
knowledge, is to adopt the animal behaviour approach based on penguin-
r elev~nt variables. 
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CHAPTER SIX: CONCLUSIONS, IMPLICATIONS, FUTURE 
RESEARCH 
We can no longer afford to speak of human disturbance as if it were a 
single, self-explanatory variable, only evident in salient adverse impacts 
on penguin colonies. It is, instead, a broad spectrum of human- induced 
behavioural change involving many factors and requiring much investigation. 
Antarctic animals have evolved in the absence not only of humans, but of 
any natural phenomenon which might provide a stimulus template for 
interpreting them. The appearance of a human before a naive Antarctic 
, penguin has less preliminary meaning than the appearance of Cook before the 
Hawaiians. This is a major distinction between Antarctic penguins and 
animals in almost any other terrestrial environment. Whereas many wild 
animals smaller than ourselves might simply flee from a creature as large 
as a person, according to the arguments presented here, Antarctic penguins 
will react to a multitude of stimulus factors in human behaviour, in a 
manner complicated by the fact that they are predominantly involved in 
breeding at the time of such encounters . It is possible for people to have 
benign interactions with penguins, and it is possible for apparently benign 
and excusable interventions to detrimentally affect Antarctic penguins. 
Whatever is learned by the penguin during interactions will affect 
subsequent behaviour upon contact with humans, and predator learning will 
have particular l y strong and long lasting effects. 
Even penguin reaction to aircraft, which might intuitively seem a simple 
matter of scared birds fleeing from an enormous , noisy st i mulus , appears to 
be quite complicated. Again, different stimul us aspects of pe nguin-aircraft 
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interactions affect birds differently, and responses will be modified by 
situational variables, experience and learning. 
People in the Antarctic often act as if what they do to penguins does not 
affect them. Those penguins which are affected have little overt behaviour 
in which these effects are clearly indicated 1 • Apart from retreating or 
fleeing, which occurs under only certain circumstances, behavioural change 
is expressed in cessation of other activity, alertness, physiological 
change, erratic behaviour at sea, nest or colony desertion, and other 
unidentified subtle or quantitative change which, for example, gives rise 
to breeding failure. Understandably, these unobtrusive effects are rarely 
directly referred to in the literature. 
The hypothetical nature of explanations presented is due to the lack of 
detailed relevant information, and the inconsistency in approach of some 
who provide pertinent findings. So much more could be known about human 
disturbance had researchers had a better understanding of what to look for 
and what to report . A thorough and reliable knowledge base can now be 
developed through research which adopts the framework described and 
illustrated here. Even those not attempting to directly measure disturbance 
may be able to contribute useful information if their comments are made on 
the basis of a concordant approach. The greater potential of observations 
made according to an understanding of the stimulus-response basis of human-
animal interaction is illustrated in evaluations, of the work of Wilson, 
Culik and their team: it is only because they have been so diligent in 
identifying and recording re l evant variables that it was possible t o 
scrutinize their r esul t s to the e xtent done s o he r e . Us ing t he animal 
1. This opinion is also expressed in Wilson et.al (1991 ), 
• 
.. 
• 
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behaviour approach to maximise the utility of future research not onl y 
promotes the progress of scientific inquiry, but is consistent with a 
philosophy of minimising disturbance to Antarctic animals . 
For the same reasons, i.t is immediately clear that future penguin research 
of all kinds must be conducted on the basis of the least interactive and 
invasive methods possible. To achieve this, researchers will have to 
consider what the stimulus aspects of procedures may be, and how they may 
interact with situational variables and stage of the breeding cycle to 
influence response. If the reasons for particular choices are documented, 
then even if they are later rejected, sufficient information should be 
available to render results useful. Penguin researchers might consider some 
of the alternative methods suggested here, or may be better able to devise 
their own. 
The use of noninteract i ve methodology is even· more important for those 
hoping to study the effects of human behaviour on penguins, as illustrated 
in the alternative interpretations offered of Culik et . al (1990) and Wilson 
et.al (1991) (4.4) . Thorough analysis of behaviour patterns of penguins on 
shore offers one avenue for measuring affects of nearby humans . Penguins 
exposed to people may exhibit s ubtle changes in frequency or time spent in 
particular activities. Wilson et. al <1989) fo und diff er ences in nest 
attendance bet ween instrumented and c on trol birds, for exampl e (5 .3 ) . Other 
changes suggested fr om the revi ew include increased time spent in posture 
or movements indicating alertness or decreased time spent asleep (which, in 
themselves, may be harmful to an incubating penguin, 3. 4) -. If researchers 
need to measure other responses, such as physiological change, then they 
should develop techniques for doing so with minimal disturbance. For 
exampl e , a penguin could be put to sleep prior to handling with a dart 
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fired from afar. Like Hill and Talent's methods (1990 , 5.2) , this would 
prevent association between people and stressful experiences. 
Given these considerations, future inquiry into human disturbance of 
Antarctic penguins could attempt to test or measure the processes discussed 
here. These arguments should suggest many avenues for e xploration, and some 
specific suggestions are made in the chapter summaries. Issues of immediate 
importance include elaboration of the human approach model. Using 
noninteractive measures of stress, researchers might be able to identify 
the danger threshold distance in naive birds, identifying whether or not it 
varies with stage of the breeding cycle, and to what it extent it may be 
reduced by habituation to innocuous human presence. Such results would be 
of prime significance in providing truly well-founded guidelines for 
visitors and scientists hoping to observe undisturbed behaviour. Future 
human disturbance research must also seek understanding of species 
differences and differences in response according to situational or 
contextual variables such as location, or the occurrence of mixed species 
colonies. Furthermore, the analyses made here do not even begin to examine 
penguin response to entire stimulus configurations - such as several people 
gradually approaching a small colony during brooding. 
Some of these questions will be considered by researchers involved in 
Project Antarctic Conservation. Initiated by the Polar Ecology and 
Management Group of Scott Polar Research Institute <SPRI), and involving 
British, Argentinian and Chilean scientists, this long-term venture is 
designed to examine problems and processes of ecotourism in the Antarctic 
Peninsula region. Preliminary monitoring studies of tourist visit s and 
their impact on fauna and flora were carried out on Half Moon Island in the 
1991/92 season (Stonehouse, 1992 ) . Detailed investigation of visitor-
. 
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Antarctic penguin int eraction by Stonehouse and Ni mon of SPRI is scheduled 
for the 1992/93 season on Nelson Island, South Shetland Islands. 
Once the processes and forms of human-Antarctic penguin encounters are 
understood, this information can only be used appropriately by putting it 
back into the context of what people actually do in the Antarctic . It may 
be desirable to require that all who visit the region respect its intrinsic 
values and follow sound guidelines to avoid disturbance, but this is of 
little use if people are unconcerned or perceive themselves as unbound by 
such restrictions. Manheim (1990, p.5) mentions sightings of people kicking 
seals or hugging penguins for photographs, and Halle (1973) describes 
people waltzing and wrestling with birds which they had apparently 
classified upon sight as " stage entertainment" <p. 60). The Agreed Measures 
are simple guidelines, available since 1964, yet violations of even these 
official recommendations may be relatively common (Greenpeace 
Internat ional , 1990). It is t o be hoped that recent advances in the cause 
of Antarctic conservation indicate concern on behalf of the majority of 
people involved with the Antarctic, and those dragging their ideological 
feet can be appropriately conditioned by a campaign of awareness and 
information. 
IAATO'S Antarctica Visitor Guidelines should be endorsed,· distributed, and 
exemplified by all Treaty Nations, tour opera tor s and other concerned 
parties until such time as research provides sufficient inf ormation for the 
creation of a comprehensive, r e liable guide to the prevention of 
disturbance. These are the most specific and supportable of all recent 
attempts to design guidelines, and they are formulated in such a way as to 
win people's loyalty - for example, explaining the reasons for particular 
restrictions, rather than just listing orders. In relation to aircraft 
activity, the optimal policy is that the further they stay away from 
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penguins the better . On occasions when logistics require approach of a 
penguin colony to any distance at which craft can be seen or heard by 
birds, then at least ground-based observers could acquire as much 
information as possible from unavoidable disturbance. 
Understanding human-Antarctic penguin interaction is just one small part of 
understanding human impact on the Antarctic environment, which is just one 
small step in the conservation process. The arguments presented represent 
one perspective of the literature, the endorsement or rejection of which 
can only be determined by further investigation. What is important is that 
some of these arguments should inspire further investigation. Perhaps 
researchers now have a base from which to begin. 
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Appendix 1: Preamble and Articles 1-3 of the Prot
ocol on Environmental 
Protection to the Antarctic Treaty. 
PROTOCOL ON ENVIRONMENTAL PROTECTION TO THE ANTA
RCTIC 
TREATY. 
PREAMBLE 
The States Parties to this Protocol to the Ant
arctic Treaty, 
hereinafter referred to as the Parties, 
Convinced 
Antarctic 
ecosystems; 
of the need 
environment 
to enhance the 
and dependent 
protection of the 
and associated 
Convinced of the need to strengthen the Ant
arctic Treaty 
system so as to ensure that Antarctica s
hall continue 
forever to be used exclusively for peaceful 
purposes and 
shall not become the scene or object of international 
discord; 
Bearing in mind the special legal and politic
al status of 
Antarctica and the special responsibility ·of 
the Antarctic 
Treaty Consultative Parties to ensure that all 
activities in 
Antarctica are consistent with the purposes a
nd principles 
of the Antarctic Treaty; 
Recalling the designation of Antarctica as
 
Conservation Area and other measures adopte
d 
Antarctic Treaty system to protect the Antarct
ic 
and dependent and associated ecosystems; 
a Special 
under the 
environment 
Acknowledging further the unique opportunitie
s Antarctica 
offers for scientific monitoring of and 
research on 
processes of global as well as regional importan
ce; 
Reaffirming the conservation principles of the 
Convention on 
the Conservation of Antarctic Marine Living Reso
urces; 
Convinced that the development of a comprehensi
ve regime for 
the protection of the Antarctic environment 
and dependent 
and associated ecosystems is in the interest of
 mankind as a 
whole; _ 
Desiring to supplement the Antarctic Treaty to 
this end; 
Have agreed as follows: 
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ARTICLE 1 
DEFINITIONS 
For the purposes of this Protocol: 
(a) "The Antarctic Treaty" means the Antarctic Treaty 
done at Waphington on 1 December 1959; 
(b) "Antarctic Treaty area" means the area to which the 
provisions of the Antarctic Treaty apply in 
accordance with Article VI of that Treaty; 
(c) "Antarctic Treaty Consultative Meetings" means the 
meetings referred to in Article IX of the Antarctic 
Treaty; 
(d) "Antarc'tic Treaty Consultative Pa·rties" means the 
Contracting Parties to the Antarctic Treaty entitled 
to appoint representatives to participate in the 
meetings referred to in Article IX of that Treaty; 
(e) "Antarctic Treaty system" means the Antarctic Treaty, 
the measures in effect under that Treaty, its 
associated separate international instruments in 
force and the measures in effect under those 
instruments; 
(f) "Arbitral Tribunal" means the Arbitral Tribunal 
established in accordance with the Schedule to this 
Protocol, which forms an integral part thereof; 
( g) "Commit tee" means the Conuni t tee for Environmental 
Protection established in accordance with Article 11 
l 
s 
•• 
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ARTICLE 2 
OBJECTIVE AND DESIGNATION 
The Parties commit themselves to the comprehensive 
protection of the Antarctic envi r onment and dependent and 
associated ecosystems and hereby designate Antarctica as a 
natural reserve , devoted to peace and science . 
I• 
,, 
.. 
,. 
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ARTICLE 3 
ENVIRONMENTAL PRINCIPLES 
1. The protection of the Antarctic environment and dependent 
and associated ecosystems and the intrinsic value of 
Antarctica, including its wilderness and aesthetic values 
and its value as an area for the conduct of scientific 
research, in particular research essential to understanding 
the global environment, shall be fundamental considerations 
in the planning and conduct of all activities in the 
Antarctic Treaty area. 
2. To this end: 
(a) activities in the Antarctic Treaty area shall be 
planned and conducted so as to limit adverse impact~ 
on the Antarctic environment and dependent and 
associated ecosystems; 
(b) activities in the Antarctic Treaty area shall be 
planned and conducted so as to avoid: 
(i)adverse 
patterns; 
effects on climate or weather 
(ii) significant adverse effects on air or water 
quality; 
(iii)significant changes 
terrestrial (including 
marine environments; 
in the 
aquatic) , 
atmospheric, 
glacial or 
(iv)detrimental changes in the distribution, 
abundance or productivity of species or 
populations of species of fauna and flora; 
(v) further jeopardy to endangered or threatened 
species or populations of such species; or 
(vi)degradation of , or substantial risk to, areas 
of biological, scientific, historic, aesthetic or 
wilderness significance; 
(c) activities in the Anta'rctic Treaty area shall be 
planned and conducted on the basis of information 
sufficient to allow prior assessments of, and 
I , 
-~ 
.. 
. 
.. 
,  
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informed judgments about, their possible impacts on 
the Antarctic environment and dependent and 
associated ecosystems and on the value of Antarctica 
for the conduct of scientific research; such 
judgments shall 'take full account of: 
(i)the scope of the activity, including its area, 
duration and intensity; 
(ii)th~ cumulative impacts of the activity, 
by itself and in combination with 
activities in the Antarctic Treaty area; 
both 
other 
(iii)whether the activity will detrimentally 
affect any other activity in the Antarctic Treaty 
area; 
(iv)whether 
available to 
operations; 
technology and procedures 
provide for environmentally 
are 
safe 
(v)whether there exists the capacity to monitor 
key environmental parameters and ecosystem 
components so as to identify and provide early 
warning of any adverse effects of the activity 
and to provide for such modification of operating 
procedures as may be necessary in the light of 
the results of monitoring or increased knowledge 
of the Antarctic environment and dependent and 
associated ecosystems; and 
(vi)whether there exists the capacity to respond 
promptly and effectively to accidents, 
particularly those with potential environmental 
effects; 
(d) regular and effective monitoring shall take place 
to allow assessment of the impacts of ongoing 
activities , including the verification of 
predicted impacts; 
(e) regular and effective monitoring shall take place 
to facilitate early detection of the possible 
unforeseen effects of · activities carried on both 
within and outside the Antarctic Treaty area on 
the Antarctic environment and dependent and 
associated ecosystems. 
•) 
•) 
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3. Activities shall be planned and conduc
ted in the 
Antarctic Treaty area so as to accord prio
rity to scientific 
research· and to preserve the value of Ant
arctica as an area 
for the conduct of such research, includin
g research 
essential to understanding. the global envi
ronment. 
4 . Activities undertaken in the Anta
rctic Treaty area 
pursuant to scientific research progranun
es, tourism and all 
other governmental and non-governmental 
activities in the 
Antarctic Treaty area for which advance 
notice is required 
in accordance with -Artie le VI I ( 5) of the Antarctic
 Treaty , 
including associated logistic support acti
vities, shall: 
(a) take place in a manner consistent with the princ
iples 
in this Article; and 
(b) be modified, suspended or cancelled if they resu
lt in 
or threaten to result in impacts upon th
e Antarcti 
environment or dependent or associated 
ecosystems 
inconsistent with those principles. 
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Appendix 2: Peng uins crowded out? CCulik and Wilson, 1991) . 
Penguins crowded out? 
S1R - In your review of scirntific research in 
Antarctica you report Wayne Trivelpiecc as 
saying ( Nature 350, 294; 1991) that he 
observed a 10-20 per cent decline in Adclic 
and chinstrap penguin populations near the 
Polish research base Arctowski in Admiralty 
Bay, King George Island, South Shetlands, 
over the past three years. He speculated that 
this was due to overfishing of krill in that 
area. He suggested that penguins be used as a 
monitor for krill, and that by counting pen-
guins the krill population would be assessed. 
We would like to suggest that Antarctic pen-
guins are also sensitive indicators of human 
interference, and that the decline in the pen-
guin populations at Admiralty Bay may be 
attributed to this fact alone. 
Although seemingly unconcerned, Adelie 
penguins react strongly to human inter-
ference during the breeding season. Heart 
rate is a good .indicator of stress, and we 
found heart rates to increase by almost 50 
per cent when breeding Adclie penguins 
were approached by a human and to increase 
by 270 per cent when the birds were caught 
and weighed in a bag1·2• Adelie penguins 
brooding large chicks fled only when 
-approached closer than 6 metres, but a soli-
tary human at a distance of 20 metres from 
commuting penguins on a well-used walk-
way caused the birds to deviate by 70 metres 
(ref. 2). Contrary lo the view expressed in 
Nature (350, 291; 1991), we believe that 
tourism does adversely affect breeding pen-
guins, almost irrespective of how "wcll-
bchaved" the tourists arc. 
Scientists studying penguins may also 
have a negative impact on the birds. Daily 
visits to a colony, including adult and egg 
measurement, reduce breeding success of 
the study birds when compared to non-
visited cplonies nearby\ and flipper bands, 
widely used by Trivclpiece and his co-wor-
kers, are also liable to affect birds. Kinkel 4 
reported that the use of wing tags in gulls 
reduced the number of birds returning to the 
colony, retarded the return of the others, 
weakened the pair bond and reduced repro-
ductive performance. Penguins are nearly 
perfectly streamlined5 and altachnient of 
foreign bodies including flipper bands is cer-
tain to have a negative influence on their 
energetics and behaviour at sea".7. 
In addition, we found that aircraft opera-
ting near a base caused birds to panic at dis-
tances greater than 1,000 metres and that 
three days of continuous helicopter oper-
ation caused 8 per cent of the nests to be 
abandoned2• Finally, surface-active agents 
such as oil, faeces and detergents originating 
from ships and bases destroy the waterproof-
ing quality of the feathers and cause loss of 
buoyancy and insulation. Most oiled pen-
guins die in the water, unnoticed by scientists 
ashorcK. 
It is therefore not surprising that penguin 
populations are reported to be detrimentally 
affected by the presence of humans. At the 
joint US-NZ base at Cape Hallett, Antarc-
tica, Adclie penguins declined from 62,900 
pairs in 1959 to 37,000 pairs in 19689• The 
station was abandoned in 1973, and by 1981 
the number of breeding pairs had increased 
to 66,0009• The sharp decline in penguin 
numbers at Cape Royds between 1955 and 
1963 has been attributed 10 to interference by 
visitors on foot and to helicopters flying over 
the colony. Since the restriction of human 
activity in that area, the population has 
recovered. Recently, Woehler et al 11 found 
that at Shirley Island, near Australia's Casey 
station, the Adelie penguin population had 
increased by 209 per cent everywhere but in 
the vicinity of the base, where numbers were 
stagnating. 
Scientists in our department have spent 
several field seasons in Admiralty Bay, and 
report that the area is increasingly affected 
by tourism. Tourists and personnel often 
approach and enter colonies within the 'si tes 
of special scientific interest' . And the oper-
ation of scientific vessels and supply ships, 
often with helicopters, further increases dis-
turbance throughout the breeding season. 
King George Island is the most densely 
populated area in Antarctica, with eight 
stations being operated year round and a 
large number of summer camps, with all the 
associated problems of disturbance, scwag 
and pollution. 
If penguin numbers arc to be used t, 
monitor the krill population, the study site a 
well as the methods employed by the scien 
tists in the field need to be very carefuil: 
selected. Neither is the case in the studic 
conducted on King George Island. 
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Appendix 3. New terminology (in order of appearance in text). 
Human-animal interaction (p. 4): According to the definition by Nimon and 
Dalziel (1992), human-animal interaction can be described as a situation in 
which the behaviour of a human or humans affects the behaviour of a member 
or members of another species. The effect of one interactant ' s behaviour on 
the other ' s can be identified only through a change in the latter's 
behaviour. Thus, human disturbance of Antarctic animals can be understood 
in terms of interaction, a perspective which encourages identification of 
all human-induced behavioural c hange, rather than just that which appears 
obviously harmful. 
Penguin mob behaviour theory (p. 27): Given the social nature of Antarcti c 
penguin life, it is suggested that the behaviour of congeners provides 
potent stimuli which evoke, modify and reinforce much of the behaviour of 
the individual. These stimuli are, therefore, also likely to determine 
response to new or unusual stimuli induced by humans. 
Basic penguin reaction to aircraft (p. 29): The graded sequence of response 
- stop moving, walk, run, toboggan away from source of disturbance - may 
represent the basic penguin reaction to all large, highly-salient , fear-
evoking stimuli . Response thresholds probably vary with species, and 
influences of different breeding stages, such as the presence of eggs or 
small chicks, might affect or inhibit the reaction. There is evidence to 
suggest that there is a great qualitative distinction between the first 
response and the following three (p.34). 
Synergistic congener effect (p.34) : When a large proportion of surrounding 
penguins are disturbed to a high degree, then the response of one is 
determined by both the disturbing stimulus and the reaction of congeners, 
in a synergistic way. There is evidence to suggest that this effect will 
not only evade habituation, but will augment with subsequent e xposure 
(p. 35). 
Human approach model (p . 58) : A derived model which attempts to identif y 
what stimuli may be emitted by a single human as he or she gradually 
approaches a single penguin, and the reactions of the bird to those 
stimuli. 
Danger threshold distance <DTD> (59) : Part of the human approach model. The 
distance at which a gradually approaching human ceases to be merely an 
unusual feature of the environment, and becomes threatening, assuming that 
prior predator learning has not occurred. It is identified by an increment 
or change in response. Habituation to a person ma y be more easily achieved 
if the person remains beyond the DTD, and the DTD should gradually decrease 
with such learning. 
Predator learning theory <p.61): A certain category of human behaviour will 
r epresent predator behaviour to a penguin. Removal or manipulation of 
offspring, and highly threatening actions such as handling adults , are 
included. Manipulation of nesting birds <without re moval) and very close 
approach may also belong to this category. The learnt association between 
people and this predator behaviour will be particularly strong and will 
influence subsequent reaction to humans. 
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Predator res po ns e Cp. 64 ) : Response of penguin to a human ac t ing as a 
preda t~r, or to any human once the penguin has learnt that people ar e 
predators . One e xample is the increase in internal temperature exhibited by 
Boyd and Sladen ' s (1971) birds during handling Cp. 62); another is the 
enor mous HR increase measured by Culik et.al (1990) and Wilson et. al (1991 ) 
in response to approach by a person Cp. 64 ). 
-111-
Predator response Cp. 64): Response of penguin to a human acting as a 
predator, or to any human once the penguin has learnt that people are 
predators. One example is the increase in internal temperature exhibited by 
Boyd and Sladen's (1971) birds during handling Cp.62); another is the 
enormous HR increase measured by Culik et. al (1990) and Wilson et. al (1991) 
in response to approach by a person Cp . 64) . 
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VISITORS' GUIDE TO THE ANTARCTIC 
CARE 
FOR THE ENVIRONMENT 
The Antarctic environment 
can easily be damaged. 
Please respect it. 
, Plants are rare, fragile and slow 
growing. Avoid walking on 
moss and lichens. It takes 
years for these to recover . 
• Do not collect organic matter 
such as lichens and mosses. 
, If birds or seals react to your 
presence, you are too close. 
Keep your distance! 
, Allow fossils and rocks to 
remain' undisturbed. 
, Keep to established tracks or 
trails. Avoid walking on 
undisturbed ground. 
Be sensitive in the way you 
take photographs. Do not 
disturb plants or animals to 
enhance your pictures. 
LITTER 
AND HUMAN IMPACT 
In Antarctica it can take 
decades for human trash or 
artifacts to break down. 
, Take all your litter with you . 
Do not throw litter overboard 
from ships. 
The Antarctic Treaty's Code of 
Conduct on Waste 
Management provides solid 
guidance on minimizing 
adverse effects of human 
presence. 
Avoid trampling of sites. 
Please respect historic sites. 
They are protected by the 
Antarctic Treaty. 
Emergency depots and refuges 
must not be disturbed. · 
SAFETY SCIENCE STATIONS 
AND PROGRAMS 
//. ' 
/v: ~9 
Antarctica is a very 
hazardous place . 
, Be alert! 
, Plan your activities with safety 
in mind at fill times. 
, Be prepared to survive in the 
cold. 
Be self-sufficient in your plans 
and the equipment you carry. 
Do not expect a rescue service . 
, Learn about Antarctic 
hazards 
, Always stay with your group. 
Research in Antarctica is 
making a specia l 
contribution to international 
understanding of the globe. 
Check with the station 
managers in the area you are 
visiting before you visit 
Antarctica. They can inform 
you of their activities. 
, Stations are home for antarct ic 
personnel. Please respect their 
property and privacy. 
Do not disturb sites where 
scientific research is going on. 
Check on the research 
activities that are underway in 
the area you are visiting. 
Do not automatically expect 
support from research stations. 
They are not set up as visitor 
hostels. 
NSF 90-147 
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Appendix 5: The Antarctic Trave l er's Code CATCO) . 
Antarctic Traveler~ 
C:c:>lll>B 
Antarctic Visitors 
• MUST NOT leave footprints in fragile mosses, lichen:.;, or grasses. 
8 MUST NOT dump plastic or other, non-biodegradable garbage overboard or onto the 
Continent. 
8 MUST NOT violate the seals', penguins', or seabirds' Personal Space 
statt with a "baseline" distance of: 15 feet (5 meters) from penguins, seabirds, and 
true seals and 60 feet (18 meters) from fur seals 
gi,,e animals the right-of-way 
stay on the edge of, and don't walk through, animal groups 
back-off if necessary 
never touch the animals. 
8 · MUST NOT interfere with protected areas or scientific research. 
• MUST NOT take souvenirs. 
Antarctic Tour Companies 
• SHOULD apply the Antarctic Traveler's Code to all officers, crew, staff and passengers. 
9 SHOULD utilize one (1) guide or leader for every twenty (20) passenge:-s. 
0 SHOULD employ experienced and sensitive on-~oard leadership. 
• SHOULD use vessels that arc safe for Antarctic ice conditions. 
G SHOULD adopt a shipwide anti-dumping pledge. 
2,\71'> 1,ou:c 97. C,x,k,vi!ll.:. ~J; 11yland 2172.\.1 1.S.A. e (:IIJll K'i -'1-(,2!,2 
~). 19/-)'9 On::mitc~. Inc.. which hereby gr:11us pl'fmis.,ion tn repohli"li ;1nd 
n:di~!rihutl' tlil' .1\nt:i1"l·11 .. : Tr.1, dt.:r\ ·c:odt·. 
I I 
I 
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Appendix 6: Antarcti c a Vi s itor Guidelines CATC P, 199 1b) 
Antarctica Visitor Guidelines 
Antarctica, the· world's last pristine wilderness, is particularly vulnerable to human 
presence . Not only must life in the Antarctic contend with one of the harshest 
environments on earth, but an ever-increasing human presence is adding a greater 
amount of stress to the fragile and unique ecosystem. 
Recognizing this, the following Visitor Guidelines have been adopted by all of the U.S. 
ship tour operators and will be made available to all visitors traveling with them to 
Antarctica. With your cooperation we will be able to operate environmentally-
conscious expeditions which will protect and preserve Antarctica, leaving the continent 
unimpaired for future generations. We ask you to thoroughly study and follow these 
guidelines. By doing so, you will make an important contribution towards the 
conservation of the Antarctic ecosystem, and avoid potentially harmful and long-lasting 
damage. 
1 . Maintain a distance of at least 15-20 feet from penguins, nesting 
birds and crawling seals, and 50 feet from fur seals. Most of the Antarctic 
species exhibit a lack of fear which allows you to approach closely; however, please 
remember that the austral summer is a time for courting, mating, nesting and rearing 
young. If you approach the animals or birds too closely you may startle and disturb 
them sufficiently that they will abandon the nesting site, leaving eggs or chicks 
vulnerable to predators. And even from the recommended distance you will be able to 
obtain fantastic photographs. 
You should also remember that wild animals, especially seals, are extremely sensitive 
to movement and a person's height above the ground in relation to their size. 
Approach wildlife slo"'{ly :,vhen preparing to take photographs. And it is important to 
remember that your photography is not over when the shutter clicks - make your 
retreat from the subject in the same way you approach. The key point to remember is 
not to cause the animals any distress. You should be careful to avoid altering their 
natural behavior. 
2. Be alert while you are asharat Watch your step in order not to stumble 
upon an aggressive fur seal or a nesting bird. that is unaware of your presence. And 
pay attention t_a the behavior ot flying birds, as well as those on the ground. For 
example, when a tern or skua becomes excited or agitated and starts "dive-bombing" 
you , it is a good indication that· you are- walking too close ta its nest, though you may 
have not have spotted it. 
3. Do not get between a matirra animal and its path to the- water, nor 
between a parent and its young. Never surround a single animal , nor a group at 
animals. and always leava them roam to retreat. Animals always have- the- right-ot-
way ! 
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4. Be aware of the periphery of a rookery or seal colony, and remain 
outside it. Follow the instructions given by your leaders. 
5. Do not touch the wildlife. The bond between parent and young can be 
disrupted, and the survival of the youn.9 jeopardized. 
6. Never harass wildlife for the sake of photography. Our intention is to 
obser.;e wildlife in its natural state. 
7. Keep all noise to a minimum In order not to stress the 
animals. 
8. Avoid walking on, stepping on, or damaging the fragile mosses and 
lichens. Regeneration is extremely slow and the scars from human damage last for 
decades. · 
9. Take away only memories and photographs. Do not remove anything, 
not even rocks or limpet shells . This includes historical evidence of man's presence in 
Antarctica, such as whalebones seen at some sites, which resulted from the whaling 
industry's activities. 
1 O. Return all litter to the ship for proper disposal. This includes litter of all 
types, such as film· containers, wrappers, and tissues. Garbage takes decades to 
break down in this harsh environment. 
11. Do not bring food of any kind ashore. 
1 2. Do not enter buildings at the research stations unless invited to do 
so. Remember that scientific research is going on, and any intrusion could affect the 
scien!ists' data. Be resp~ctfu! of their work. 
13. Historic huts can only be entered when accompanied by a 
specially-designated governmental representative or properly authorized 
ship's leader. 
14. Smoking Is prohiblted when ashomt 
1 5. When ashora · stay with tfla: group and/or one of the ship's leads~. 
Fo_r your own safety, do not wander oft on your own. 
16. Listen to the Expedrtlon Leader, Lecturers and· Natura!Ists. They are 
experienced and knowledgeable about Antarc;:tica- lf you am not . sure. about 
something. please don't hesitate ta ask your leaders and guides. 
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Appendix 7: Wilson et. al's (1991, p. 369) recommendations. 
1) Any work conducted during the austral summer that is likely to 
disturb penguins should be carried out after chicks have fledged , 
otherwise when birds are incubating and have been incubating for 
at least 10 days. The latter period generally occurs at the end 
of November; chicks fledge in February (Ain ley et. al 1983). 
2) Potentially disturbing work should be carried out around 
midday . 
3) Nesting birds should not be approached by humans on foot 
closer than 100m unless absolutely necessary. 
4) Penguins moving on routes between the colony and the sea 
should not be approached by humans on foot closer than 100m 
unless absolutely necessary. 
5) Aircraft should use the same flight path for serial drops and 
Super Puma helicopters should not approach a colony closer than 
1,000m horizontally and 200m vertically. 
6) Many more Specially Protected Areas should be established in 
the Antarctic under provision of the Antarctic Treaty. 
7) Provisions in the Antarctic Treaty should be made to prohibit 
establishment of bases within 1 km of penguin colonies. 
